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DIRECT ROUTE TO PHENOL FROM BENZENE
Abstract
This report contains a preliminary process design for a direct route to phenol from benzene based on the 2009
patent issued to the Council of Scientific Research in New Delhi. This patent describes a significantly
improved method to produce phenol using a vanadyl pyrophosphate catalyst. The process evades over-
oxidized byproducts and yield loss. The resulting design produces the desired 500 million pounds per year of
phenol by combining the ideas presented in the patent and adjustments made by the design group. The
optimal process presented utilizes two parallel series of three reactors each to produce the phenol. Through a
combination of azeotropic distillation and flash vaporization, it is possible to achieve greater than 99 percent
pure phenol as a product while recycling all components not consumed. The plant requires a capital
investment of 85.7 million USD with an internal rate of return of 4.98 percent and return on investment of
1.48 percent. It is suggested that the research and development department greatly improve the catalyst
activity while maintaining the selectivity to phenol. Such improvements would enable the plant presented in
this design to be economically feasible based on the current market for phenol.
This working paper is available at ScholarlyCommons: http://repository.upenn.edu/cbe_sdr/41
  
 
 
 
 
 
 
DIRECT ROUTE TO PHENOL FROM BENZENE 
 
 
 
 
Alp Kutlu 
Drew Martin 
Douglas Ross 
Chad Greco 
 
 
 
 
University of Pennsylvania  
School of Engineering and Applied Science 
Department of Chemical and Biomolecular Engineering 
 
 
 
 
April 10, 2012 
 
 
 
 
 
 
 
 
 
 
 
 
  
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
1 
 
Mr. Bruce M. Vrana 
DuPont Engineering Technology 
DuPont Building 5100 
1007 Market Street 
Wilmington, DE 19898 
(302) 774-2341 
 
April 10, 2012 
 
Mr. Vrana: 
 
The design group has completed the requested design of a phenol plant on the US Gulf 
Coast based on a newly patented process for the direct oxidation of benzene to phenol. 
The 2009 patent issued to the Council of Scientific Research in New Delhi describes a 
significantly improved method to produce phenol using a homogenous vanadyl 
pyrophosphate catalyst. The process evades over-oxidized byproducts and yield loss 
allowing for 53 percent conversion and 100 percent selectivity to phenol. The resulting 
design produces the desired 500 million pounds per year of phenol by combining the 
ideas presented in the patent and adjustments made by the design group to improve cost 
effectiveness. 
 
The optimal process presented produces the 500 million pounds per year of phenol 
through two parallel series of three reactors each. The reactors have been designed to 
minimize the quantity of raw materials required for production and maximize conversion 
while maintaining 100 percent selectivity to phenol. Several assumptions have been made 
in regards to the physical, thermodynamic, and kinetic properties of the vanadyl 
pyrophosphate catalyst. Through a combination of azeotropic distillation and flash 
vaporization, the design group is able to achieve greater than 99 percent pure phenol as a 
product while recycling all components not consumed. The pure phenol product is valued 
at 0.80 USD per pound in 2012. Safety requirements have been outlined and 
environmental standards have been met. 
 
The plant requires a capital investment of 85.7 million USD in 2012. We estimate the 
internal rate of return to be 4.98 percent and the net present value to be -20.53 million 
USD. Additional data from the research labs would allow for the improved 
characterization of this reaction and thereby allow for more informed decisions and 
assumptions in the process design. The design group suggests that the research and 
development department greatly improve the catalyst activity while maintaining the 
selectivity to phenol. Such improvements would enable the plant presented in this design 
to be economically feasible based on the current market for phenol. The following report 
includes a detailed description of the process design, equipment design, economic 
evaluation, as well as possible modifications and suggestions. 
 
Sincerely, 
 
                                                   . 
Alp Kutlu  Drew Martin  Douglas Ross   Chad Greco   
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2 Introduction and Project Charter 
2.1 Abstract 
This report contains a preliminary process design for a direct route to phenol from 
benzene based on the 2009 patent issued to the Council of Scientific Research in New 
Delhi. This patent describes a significantly improved method to produce phenol using a 
vanadyl pyrophosphate catalyst. The process evades over-oxidized byproducts and yield 
loss. The resulting design produces the desired 500 million pounds per year of phenol by 
combining the ideas presented in the patent and adjustments made by the design group. 
The optimal process presented utilizes two parallel series of three reactors each to 
produce the phenol. Through a combination of azeotropic distillation and flash 
vaporization, it is possible to achieve greater than 99 percent pure phenol as a product 
while recycling all components not consumed. The plant requires a capital investment of 
85.7 million USD with an internal rate of return of 4.98 percent and return on investment 
of 1.48 percent. It is suggested that the research and development department greatly 
improve the catalyst activity while maintaining the selectivity to phenol. Such 
improvements would enable the plant presented in this design to be economically feasible 
based on the current market for phenol.  
2.2 Introduction  
2.2.1 Product 
Phenol is a key chemical intermediate utilized in the production of many compounds and 
materials such as bisphenol-A and phenolic resins.  Many consumer products are 
constructed from these basic chemical products including CD disks, printed circuit 
boards, and nylon fibers.  The production of pharmaceuticals, dyes, and explosives also 
require phenol.  Because of its versatility and importance to a variety of applications, 
phenol is in high demand.  Phenol is a mono-hydroxylated benzene ring and is a colorless 
solid at room temperature The United States of America currently produces 
approximately 3.2 million tons of phenol per year.   
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2.2.2 Current Methods of Production 
The dominant production method of phenol, called the cumene process, accounts for 
nearly 95% of the world’s production.  To produce phenol, the cumene process converts 
propylene to acetone in a 1:1 ratio, as shown by the following overall reaction: 
	   C6H6  +  C3H6  +  O2   →  C3H6O  +  C6H6O 	    
Cumene, also known as isopropyl benzene, is formed as an intermediate and then 
oxidized to produce phenol.  This two-step reaction provides acceptable conversions of 
benzene to phenol, but the price fluctuations of acetone and propylene dominate the 
economics of the reaction.  Recently, the profitability of the cumene process has suffered 
because of changes in the relative prices of these two chemicals.  As a result, many 
companies are searching for alternative methods to produce phenol. 
2.2.3 New Production Method  
This report analyzes the economic and technical viability of producing 500 million 
pounds of phenol per year from the direct oxidation of benzene by hydrogen peroxide 
using a vanadyl pyrophosphate homogenous catalyst dissolved in acetonitrile, according 
to the following reaction. 
	   C6H6  +  H2O2   →  C6H6O  +  H2O 	    
Mr. Bruce Vrana of DuPont proposed this project.  The project draws from a direct route 
to phenol from benzene patented by a team of chemists, Arunabha et. al. (1), at the 
Council of Scientific and Industrial Research. Using the conditions specified in the 
literature, this reaction has the potential to achieve 100 percent selectivity to phenol.  This 
selectivity in a direct reaction is one of the major competitive advantages over the 
cumene process.  Additionally, hydrogen peroxide is utilized as the oxidizing agent, 
which is less expensive than the propylene and oxygen reactants utilized in the cumene 
process.      
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2.2.4 Project Details 
The proposed process can be broken down into two broad components: a reactor section 
and a separation section.  The reactor section utilizes two parallel reactor trains each 
consisting of three reactors.  The reactor effluent is fed to the separation section of the 
process, which includes three distillation towers and two flash vessels.  The proposed 
plant will be located on the Gulf Coast of the United States of America and have access 
to already existing infrastructure for waste treatment and material storage. The proposed 
plant is expected to be a section of a larger chemical complex already constructed by the 
company. Many crucial assumptions were made when designing this process as will be 
discussed in Chapter 2.3.  The economic feasibility of the process was evaluated using 
the most optimistic assumptions available, resulting in the presentation of this optimal 
scenario.   
Benzene and 70 percent by weight hydrogen peroxide are available on site for 0.40 USD 
per pound and 0.50 USD pound respectively.  The company interested in this process 
values phenol at 0.80 USD per pound. The hydrogen peroxide cost is modified from the 
initial problem statement, in consultation with the industry consultants, to account for the 
above average hydrogen peroxide weight percent value.  All prices are in 2012 dollars.  
Over 99 percent of the acetonitrile solvent is recycled within the process.  A catalyst 
regeneration section has been included in the process to re-calcinate one fourth of the 
solid particles every cycle.  All vapor waste streams are flared and a methane feed is 
available to assist in avoiding flammability limits. All process wastewater is sent to an on 
site treatment plant.  Safety concerns have been addressed and flammability and 
explosion limits have been avoided.       
2.3 Assumptions 
2.3.1 Kinetics Reaction 
Experimental data has been analyzed to characterize the kinetics of the single liquid 
phase reaction of benzene and hydrogen peroxide to form phenol with a vanadyl 
pyrophosphate catalyst in an acetonitrile solvent.  The rate of reaction is characterized by 
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second order kinetics in which the reaction is first order with respect to each of the 
reactants, benzene and hydrogen peroxide.  Equation 1 illustrates the rate law governing 
this liquid phase homogenous reaction.  
 
         Equation 1 
The justification for this claim is derived from Table 2 of Arunabha et. al. (1) in which 
experimental benzene conversions are listed based on the inlet ratio between benzene 
substrate and hydrogen peroxide. Overall conversion increases linearly with inlet 
hydrogen peroxide concentration.  The distinct correlation between the two leads to the 
conclusion that the hydrogen peroxide is involved in the kinetic expression in the first 
order, discounting the possibility that the reaction is governed by zero order kinetics with 
respect to hydrogen peroxide.  
Following this conclusion, the experimental data demonstrates that the rate does indeed 
depend on hydrogen peroxide in the first order, along with first order dependence on 
benzene to generate an overall second order rate expression.  Final molar quantities of 
each species are calculated from given inlet conditions and benzene conversions.  
Transformation to a volumetric basis yields the initial and final concentrations of each 
species, which are utilized to determine how well each example adheres to second order 
kinetics.  Equation 2, the expression governing the reactant concentration ratios under 
second order overall kinetics, is utilized in each example to calculate the value of the 
variable krt. 
 
          Equation 2 
𝑑[𝐵𝑒𝑛𝑧𝑒𝑛𝑒]𝑑𝑡 = −𝑑[𝑃ℎ𝑒𝑛𝑜𝑙]𝑑𝑡 = −𝑘![𝐵𝑒𝑛𝑧𝑒𝑛𝑒][𝐻𝑦𝑑.𝑃𝑒𝑟𝑜𝑥. ] 
 ln ! [𝐵𝑒𝑛𝑧𝑒𝑛𝑒] [𝐵𝑒𝑛𝑧𝑒𝑛𝑒]!![𝐻𝑦𝑑.𝑃𝑒𝑟𝑜𝑥. ] [𝐻𝑦𝑑.𝑃𝑒𝑟𝑜𝑥. ]!! ! = ([𝐵𝑒𝑛𝑧𝑒𝑛𝑒]! − [𝐻𝑦𝑑.𝑃𝑒𝑟𝑜𝑥. ]!)𝑘!𝑡 
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Application of Equation 2 to each of the four examples in Table 2 of Arunabha et. al. (1) 
yields values of krt that are subsequently converted to kr. t is the residence time in hours. 
The results are summarized in Table 1.  The low standard deviation of 0.004 in the rate 
constant values leads to the conclusion that the catalyzed reaction in question obeys  
Equation 2 with considerable accuracy and precision.  With reasonable confidence, it has 
been decided that the rate 
equation governing the 
catalyzed reaction of 
benzene and hydrogen 
peroxide to phenol and 
water obeys second order 
kinetics such that each reactant is present in the rate expression in first order form.  
Consequently, further calculations of concentration and rate behavior in the reactors will 
proceed according to Equation 3 below, in which the rate is deemed proportional to the 
present concentrations of benzene and hydrogen peroxide.  
 
           Equation 3 
Using the calculated value of the rate constant, it is found that conversions are too low in 
the reactor train. Acceptable conversions require high amounts of benzene and hydrogen 
peroxide, which causes the reactor vessels to become large and not feasible for 
construction based on the seven hour overall residence time required for the reaction.  
Therefore, efforts are made to determine a rate constant at which the overall process 
would be economically viable and able to utilize acceptably sized reactor vessels.  The 
rate constant is increased by an order of magnitude under the assumption that the research 
and development team would be able to design and increase the activity of a catalyst by 
this amount while still maintaining the 100 percent selectivity to phenol.  The 
calculations involved in these assumptions are listed in the Calculation Section in Chapter 
9.3. 
Ex. Benz./H2O2 Ratio kr  (mL-mmol-1-h-1) Std. Dev. 
1 1:2 0.009031 --- 
2 1:3 0.016084 --- 
3 1:3.5 0.016664 --- 
4 1:4 0.018882 --- 
--- --- --- 0.004264 
Table 1 – Calculation of rate constant kr given initial benzene to 
hydrogen peroxide ratios and benzene conversions. 
𝑟 = 𝑘![𝐵𝑒𝑛𝑧𝑒𝑛𝑒][𝐻𝑦𝑑.𝑃𝑒𝑟𝑜𝑥. ] 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
9 
 
At the conditions of 22 psi and 140 F within the reactor, hydrogen peroxide degrades 
minimally to water and oxygen vapor with 5 percent degradation in each reactor.  This 
assumption is based on data by De Laat et. al. (28), which claims that 90 percent of the 
hydrogen peroxide in a reactor will decompose in four hours at 10 C in the presence of an 
iron catalyst.  Although this process utilizes a different catalyst under different conditions 
than the referenced study, the paper still validates the general principle presented.  To 
optimize the results of the process design, a significantly smaller degradation rate was 
assumed.  It is also assumed that all of the unreacted hydrogen peroxide decomposes by 
the end of the reactor section.  The total residence time of 7 hours in the reactor section 
and the elevated temperatures and pressures throughout the process justify this 
assumption.      
Extrapolating from the data provided in the patent and confirming the behavior of the 
catalyst from multiple sources, the catalyst is assumed to degrade at a power trend rate.  
The design group has recalculated the degradation rate to regenerate 25 percent of the 
catalyst during each cycle of the process.  This partial regeneration allows the process to 
run continuously, without requiring a period to shut down the reactor system and replace 
the catalyst. It has been assumed that the regeneration process will fully restore the 
activity and properties to those of the original catalyst as outlined by Arunabha et. al. (1).  
2.3.2 ASPEN Plus Simulation 
The ASPEN Plus simulations utilize zinc bromide as the homogenous catalyst, which is 
an acceptable proxy for vanadyl pyrophosphate. Both materials dissociate into ions when 
dissolved, have similar molecular weights, and close boiling points. Furthermore, the 
EPNRTL property method was selected and implemented throughout the simulation 
presented in this report. 
2.3.3 Catalyst Solubility 
As previously noted, the vanadyl pyrophosphate catalyst is not well defined or 
characterized. This lack of characterization leads to a series of assumptions regarding 
catalyst activity and physical properties. The solubility of the catalyst in acetonitrile is 
key to preventing problems in the separation section especially in clogging pipes and 
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distillation column trays. To account for this possibility, the solubility of various heavy 
molecular weight compounds in acetonitrile was analyzed from the IUPAC database (50). 
Most compounds were soluble in a 94 percent molar or greater acetonitrile rich solution. 
As a result, streams and separations were designed to ensure this requirement was met 
and that the vanadyl pyrophosphate would remain soluble while retaining the flow of 
material through the pipes. As presented in Chapter 3.2.4, streams S-425 and S-421 are of 
concern as the vanadyl pyrophosphate is only present in phenol. While it is likely that the 
vanadyl pyrophosphate will precipitate out of solution in these streams, the presence of 
some phenol will allow the slurry to mix with the nearby acetonitrile feed. The addition 
of this solvent will re-solubilize the catalyst and allow the process to continue as 
expected. 
2.3.4 Acetonitrile Minimization 
The amount of solvent required is governed by the ternary system illustrated in Figure 1.  
Upon analysis of the water, acetonitrile, beznene mixture in the reactors at 22 psi as 
suggested in the process design, it is evident that to maintain a miscible single phase 
solution, the reactor must be 50 to 65 percent acetonitrile depending on the benzene 
concentration. 
 
        Figure 1 – Ternary Map of Water/Acetonitrile/Benzene at  
        22 psi & 140 F 
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2.3.5 Hydrogen Peroxide Quality 
Commercial sources of hydrogen peroxide include additives such as tin to enhance 
stability.  The quantity of stabilizers increases as the strength of the hydrogen peroxide 
increases.  Because this process utilizes 70 percent by weight hydrogen peroxide, 
commercial sources would likely contain a substantial quantity of stabilizers, raising 
concerns about their presence in the system.  However, the plant is located on an existing 
site that has access to hydrogen peroxide.  It is assumed that this hydrogen peroxide does 
not contain stabilizers to prevent degradation, as it is not being transported off-site. 
Furthermore, this allows for the assumption that the quality of the hydrogen peroxide can 
be directly manipulated and controlled to meet the desired specifications for this process. 
2.3.6 Waste Treatment 
It is also assumed that the existing site already has a wastewater treatment system.  
Therefore, the design does not include installation costs for a wastewater treatment plant 
in the economic analysis.  Instead, the economic analysis includes a cost that would be 
associated with utilizing the existing system based on chemical oxygen demands. It is 
also assumed that all streams that are flared are being fed to the main flare for the 
chemical complex. The methane feed provided by the chemical complex is controlled and 
only utilized if flammability limits are approached or violated. As a result, the flares and 
controlled methane feed are not included in the costing and economic analysis for this 
system. 
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3 Process Outline and Description 
3.1 Process Overview and Material Balance 
The simplified block diagram of this process presented in Figure 2 outlines the overall 
material flow of the process.  To simplify the understanding of this process, it has been 
broken into five main sections.  Figures 3 through 8 show detailed diagrams of the 
processes on the following pages.   
3.2.1 Section 100A&B – Parallel Continuous Stirred Tank Reactors in Series 
3.2.2 Section 200 – Vapor Effluent Separations 
3.2.3 Section 300 – Liquid Effluent Separations 
3.2.4 Section 400 – Product Purification and Final Separations 
3.2.5 Section 500 – Catalyst Regeneration 
 
            Figure 2: Process Overview Diagram  
All sections have been connected in a linear fashion.  All pumps have been placed at 
ground level.  Multiple recycle and feedback streams are present inter-linking all of the 
sections.  Tables 2 through 7 outline the material balances through the presentation of 
component balances and physical properties of the streams. Note that control valves have 
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been included with a 14.7 psi pressure drop to account for various control mechanisms 
necessary for this process. Pressure drops across all units have been accounted for to 
ensure material flow through the process. 
In the diagrams presented, dashed lines indicate streams that are not continuously used 
and are reserved for emergency purposes. The units associated with these streams are 
shown, described, sized, costed, and included in further analyses. 
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3.2 Process Descriptions  
3.2.1 Process Section 100A&B 
Process Section 100A&B aims to oxidize the benzene to phenol using hydrogen peroxide 
through two reactor trains operating in parallel. Each reactor train  has three reactors in 
series and deals with half of the overall flow in Process Section 100A&B. Within each 
reactor, benzene and 70 percent by weight hydrogen peroxide react in the presence of a 
soluble vanadyl pyrophosphate catalyst to form phenol and water. Acetonitrile solvent is 
added in enough quantities to create a single-phase mixture within the reactors to 
maximize the interaction between the reactants. The amount of solvent required is 
governed by the ternary system illustrated in Figure 1.  In this case, 60 percent by mole of 
each stream consists of acetonitrile in order to maintain the single phase. Additional 
mixers and propellers are present in the reactors and powered by electric motors to 
encourage and allow for effective mixing. An overall conversion of 74.7 percent is 
obtained over each reactor train. The vapor and liquid effluents of each reactor train are 
combined and sent to Process Section 200 and 300 for separation respectively. 
The six reactor units in this section are constructed of stainless steel because carbon steel 
would adversely catalyze the decomposition of hydrogen peroxide. Oxygen vapor from 
the hydrogen peroxide decomposition is vented out of the reactors along with minimal 
benzene, acetonitrile, phenol, and water that vaporize during the reaction. It is crucial to 
separate the oxygen from the dissolved catalyst because interaction between the two 
would adversely decrease the activity and selectivity of the catalyst. These gases are 
combined and sent to a condenser, where the benzene, acetonitrile, and phenol vapors are 
recovered.  
The benzene concentration leaving each reactor vessel is above the upper flammability 
limit for benzene in oxygen. However, flammability limits become a concern when 
considering the generous estimates that have been made regarding the hydrogen peroxide 
decomposition. If the decomposition rates are in error, it will be certain that the estimates 
made in this report are too low. In reality more oxygen could be produced from 
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decomposition, which would modify the benzene concentration closer to its upper 
flammability limit. To account for this possibility, methane is added into the pipeline that 
transfers the reactor vapor effluent to the flare as deemed necessary. The purpose of this 
methane is to keep the vapor streams fuel rich, and prevent the benzene concentration 
from approaching the upper flammability limit.  
The pumps in this section pressurize the feeds and recycle streams to the reaction 
pressure of 36.7 psi, which yields the proper reaction pressure of 22 psi after a pressure 
drop of 14.7 psi in each control valve. Control valves are placed to ensure that the process 
is safely controllable in the event of a process disturbance.  Intermediate storage tanks are 
included to allow for a constant supply of reactor effluent. This permits later process 
sections to continue operation and collect recycled materials in the event that Process 
Section 100A&B is shut down for emergencies or maintenance. This is also applicable if 
additional sections of the process are shut down thereby allowing Process Section 
100A&B to continue operating.  
The first reactor in each train requires 42.17 million Btu per hour of cooling to maintain 
an isothermal temperature of 140 F, which cannot be supplied solely through the 
utilization of cooling jackets. Instead, internal cooling coils constructed of aluminum are 
inserted to provide the adequate cooling. The possibility for runaway exists with this 
exothermic reaction. Controls must be designed with instruments to closely monitor the 
reactor temperature. The adiabatic temperature rise of this reaction is 626 F. Therefore 
controls must also ensure that the cooling coils are operating as specified to prevent a 
severe spike in temperature, which would serve to decompose the majority of the catalyst 
and products and pose a safety risk to those working on the process. 
Pump Unit P-101A/B 
Pump unit P-101 pumps the atmospheric benzene feed in stream S-101 and raises its 
pressure to 36.7 psi. Stream S-101 is in the liquid phase at room temperature as it is being 
pumped. This unit produces 58.4 feet of head, pumps 132.3 gpm, and requires 2.06 kW 
of electricity. The pump is constructed of stainless steel, with a purchase cost of 5,000 
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USD and bare module cost of 16,500 USD. The utility associated with this unit is 0.17 
USD per hour. Further information is available in the specification sheet on Page 71. A 
spare pump is necessary because the pumping of the main stream is an integral part of the 
process. 
Pump Unit P-102A/B 
Pump unit P-102 pumps the atmospheric catalyst feed in stream S-104 and raises its 
pressure to 36.7 psi. Stream S-104 is in the liquid phase at room temperature as it is being 
pumped. This unit produces 66.7 feet of head, pumps 0.07 gpm, and requires 0.002 kW 
of electricity. The pump is constructed of stainless steel, with a purchase cost of 3,700 
USD and bare module cost of 12,210 USD. The utility associated with this unit is 0.0001 
USD per hour. Further information is available in the specification sheet on Page 71. A 
spare pump is necessary because the pumping of the main stream is an integral part of the 
process. 
Pump Unit P-103A/B 
Pump unit P-103 pumps the atmospheric 70 percent by weight hydrogen peroxide feed in 
stream S-110 to R-101A and raises its pressure to 36.7 psi. This unit pumps hydrogen 
peroxide into reactor train A. Stream S-110 is in the liquid phase at room temperature as 
it is being pumped. This unit produces 40 feet of head, pumps 30.2 gpm, and requires 
0.76 kW of electricity. The pump is constructed of stainless steel, with a purchase cost of 
5,300 USD and bare module cost of 17,490 USD. The utility associated with this unit is 
0.06 USD per hour.  Further information is available in the specification sheet on Page 
72. A spare pump is necessary because the pumping of the main stream is an integral part 
of the process. 
Pump Unit P-104A/B 
Pump unit P-104 pumps the effluent from reactor vessel R-101A to R-102A and raises its 
pressure to 36.7 psi. Stream S-114 is in the liquid phase at a temperature of 140 F as it is 
being pumped. This unit produces 41.2 feet of head, pumps 371.2 gpm, and requires 3.19 
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kW of electricity. The pump is constructed of stainless steel, with a purchase cost of 
8,700 USD and bare module cost of 28,710 USD. The utility associated with this unit is 
0.26 USD per hour. Further information is available in the specification sheet on Page 72. 
A spare pump is necessary because the pumping of the main stream is an integral part of 
the process. 
Pump Unit P-105A/B 
Pump unit P-105 pumps the effluent from reactor vessel R-102A to R-103A and raises its 
pressure to 36.7 psi. Stream S-118 is in the liquid phase at a temperature of 140 F as it is 
being pumped. This unit produces 41 feet of head, pumps 364.4 gpm, and requires 3.14 
kW of electricity. The pump is constructed of stainless steel, with a purchase cost of 
8,700 USD and bare module cost of 28,710 USD. The utility associated with this unit is 
0.26 USD per hour. Further information is available in the specification sheet on Page 73. 
A spare pump is necessary because the pumping of the main stream is an integral part of 
the process. 
Pump Unit P-106A/B 
Pump unit P-106 pumps the atmospheric 70 percent hydrogen peroxide feed in stream S-
123 to R-101B and raises its pressure to 36.7 psi. This unit pumps hydrogen peroxide into 
reactor train B. Stream S-123 is in the liquid phase at room temperature as it is being 
pumped. This unit produces 40 feet of head, pumps 30.2 gpm, and requires 0.76 kW of 
electricity. The pump is constructed of stainless steel, with a purchase cost of 5,300 USD 
and bare module cost of 17,490 USD. The utility associated with this unit is 0.06 USD 
per hour. Further information is available in the specification sheet on Page 73. A spare 
pump is necessary because the pumping of the main stream is an integral part of the 
process. 
Pump Unit P-107A/B 
Pump unit P-107 pumps the effluent from reactor vessel R-101B to R-102B and raises its 
pressure to 36.7 psi. Stream S-127 is in the liquid phase at a temperature of 140 F as it is 
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being pumped. This unit produces 41.2 feet of head, pumps 371.2 gpm, and requires 3.19 
kW of electricity. The pump is constructed of stainless steel, with a purchase cost of 
8,700 USD and bare module cost of 28,710 USD. The utility associated with this unit is 
0.26 USD per hour. Further information is available in the specification sheet on Page 74. 
A spare pump is necessary because the pumping of the main stream is an integral part of 
the process. 
Pump Unit P-108A/B 
Pump unit P-108 pumps the effluent from reactor vessel R-102B to R-103B and raises its 
pressure to 36.7 psi. Stream S-131 is in the liquid phase at a temperature of 140 F as it is 
being pumped. This unit produces 41 feet of head, pumps 364.4 gpm, and requires 3.14 
kW of electricity. The pump is constructed of stainless steel, with a purchase cost of 
8,700 USD and bare module cost of 28,710 USD. The utility associated with this unit is 
0.26 USD per hour. Further information is available in the specification sheet on Page 74. 
A spare pump is necessary because the pumping of the main stream is an integral part of 
the process. 
Pump Unit P-109A/B 
Pump unit P-109 pumps the combined effluent from each reaction train to storage tank 
ST-102 and raises its pressure to 51 psi. Stream S-136 is in the liquid phase at a 
temperature of 140 F as it is being pumped. This unit produces 82 feet of head, pumps 
717.4 gpm, and requires 11.3 kW of electricity. The pump is constructed of carbon steel, 
with a purchase cost of 12,900 USD and bare module cost of 42,570 USD. The utility 
associated with this unit is 0.92 USD per hour. Further information is available in the 
specification sheet on Page 75. A spare pump is necessary because the pumping of the 
main stream is an integral part of the process.  
Pump Unit P-110A/B 
Pump unit P-110 pumps the combined effluent from each reaction train out of storage 
tank ST-102 to Process Section 200 and raises its pressure to 191 psi. This unit produces 
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491.9 feet of head, pumps 717.4 gpm, and requires 67.9 kW of electricity. The pump is 
constructed of carbon steel, with a purchase cost of 35,100 USD and bare module cost of 
115,830 USD. The utility associated with this unit is 5.54 USD per hour. Further 
information is available in the specification sheet on Page 75. A spare pump is necessary 
because the pumping of the main stream is an integral part of the process.  
Pump Unit P-111A/B 
Pump unit P-111 diverts the combined flows of streams S-137 and S-138 to storage tank 
ST-101 in the event of an emergency in Process Section 100A&B. This unit produces 
288.18 feet of head, pumps 2,295.8 gpm, and requires 39.9 kW of electricity. The pump 
is constructed of carbon steel, with a purchase cost of 45,400 USD and bare module cost 
of 149,820 USD. The utility associated with this unit is 3.25 USD per hour. Note that the 
utility cost of operating this pump is only incurred in the event of an emergency, 
therefore is not factored into the overall economics of process equipment. Further 
information is available in the specification sheet on Page 76. A spare pump is necessary 
because the pumping of the main stream is an integral part of the process. 
Pump Unit P-112A/B 
Pump unit P-112 pumps fluid out of storage tank ST-101 for insertion into Process 
Section 100A&B. This unit produces 129.1 feet of head, pumps 2,295.8 gpm, and 
requires 9.97 kW of electricity. The pump is constructed of carbon steel, with a purchase 
cost of 45,400 USD and bare module cost of 149,820 USD. The utility associated with 
this unit is 0.81 USD per hour. Note that the utility cost of operating this pump is only 
incurred in the event of an emergency, therefore is not factored into the overall 
economics of process equipment. Further information is available in the specification 
sheet on Page 76. A spare pump is necessary because the pumping of the main stream is 
an integral part of the process. 
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Reactor R-101A & R-101B 
Reactor units R-101A and R-101B perform the first stage of the phenol production 
reaction. 70 percent by weight hydrogen peroxide is fed into each vessel via streams S-
112 and S-125. The hydrogen peroxide reacts with benzene, which is fed in streams S-
108 and S-109 along with acetonitrile and vanadyl pyrophosphate catalyst in solution. 
Reactions take place at 140 F and 22.0 psi, and achieve 67.7 percent conversion in this 
stage with a residence time of 2.2 hours.  A heat duty of -40.47 million Btu per hour is 
required to maintain the reaction vessel at an isothermal temperature of 140 F. The 
reactors are 56,000 gallons, 48.5 feet in height, and 14 feet in diameter. They are 
constructed of stainless steel to prevent the decomposition of hydrogen peroxide, which 
is catalyzed by carbon steel. Oxygen vapor is produced in the reaction, and is vented out 
of the top of the reactor chamber in S-113 and S-126 along with some organics that 
vaporize at the reaction conditions. The purchase cost is 1.23 million USD with a bare 
module cost of 5.11 million USD. The associated utility of 1,199.93 USD per hour 
maintains the reactor temperature and provides the necessary power to the impellers for 
mixing. Further information on this unit can be found in the specification sheet on Page 
80. 
Reactor R-102A & R-102B 
Reactor units R-102A and R-102B perform the second stage of the phenol production 
reaction. The feed streams S-116 and S-129, the outlets of the first reactor stage, are 
reacted at 140 F and 22 psi with a residence time of 2.2 hours to achieve a conversion of 
the remaining unreacted hydrogen peroxide of 16.7 percent. A heat duty of -3.01 million 
Btu per hour is required to maintain the reaction vessel at an isothermal temperature of 
140 F. The reactors are 51,000 gallons, 47.5 feet in height, and 13.5 feet in diameter. 
They are constructed of stainless steel to prevent the decomposition of hydrogen 
peroxide. Oxygen vapor and benzene vapor are vented out of the top of the vessel in S-
117 and S-130. The purchase cost is 1.14 million USD with a bare module cost of 4.76 
million USD. The associated utility of 90.00 USD per hour maintains the reactor 
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temperature and provides the necessary power to the impellers for mixing. Further 
information on this unit can be found in the specification sheet on Page 81. 
Reactor R-103A & R-103B 
Reactor units R-103A and R-103B perform the third and final stage of the phenol 
production reaction. The feed streams S-120 and S-133, the outlets of the second reactor 
stage, are reacted at 140 F and 22.0 psi with a residence time of 2.2 hours to achieve a 
conversion of unreacted hydrogen peroxide of 6.3 percent. This achieves an overall 
conversion of 74.7 percent across the three reactors. A heat duty of -1.11 million Btu per 
hour is required to maintain the reaction vessel at an isothermal temperature of 140 F. 
The reactors are 51,000 gallons, 47 feet in height, and 13.5 feet in diameter. They are 
constructed of stainless steel again to prevent the decomposition of hydrogen peroxide. 
Oxygen and benzene vapor are vented out of the top of the vessel in S-121 and S-134. 
The purchase cost is 1.11 million USD with a bare module cost of 4.6 million USD. The 
associated utility of 35.61 USD per hour maintains the reactor temperature and provides 
the necessary power to the impellers for mixing. Further information on this unit can be 
found in the specification sheet on Page 82. 
Relief Valve V-104, V-106, V-108, V-110, V-112, & V-114 
Relief valves are located at the top of each of the six reactor vessels and are designed to 
release the oxygen that is produced during the decomposition reaction of hydrogen 
peroxide. 6.4 percent of the benzene that is unreacted in each reactor exits as vapor into 
its respective vapor stream, along with 5.0 percent of the water that is present and 1.0 
percent of the acetonitrile. It is presumed that the entirety of the oxygen produced in each 
reactor during decomposition exits through the valve as a vapor. 
Storage Tank ST-101 
Storage Tank ST-101 is included to allow for emergency storage of recycle streams from 
the separations effluent. This will allow for the accumulation of reactant materials from 
the effluents in the event that Process Sections 200 through 500 are shut down for an 
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emergency or for maintenance. The storage tank capacity of this cone roof tank is 1 
million gallons and it is constructed of carbon steel because of the assumption that no 
hydrogen peroxide is present. The purchase cost is 305,000 USD with a bare module cost 
of 610,000 USD. The utility associated with this tank is 13.24 USD per hour. Further 
information on this unit can be found in the specification sheet on Page 85. 
Storage Tank ST-102 
Storage Tank ST-102 is included to allow for a constant supply of reactor effluent. This 
will allow later process sections to continue operation in the event that Process Section 
100 is shut down for an emergency or for maintenance. This capacity of this cone roof 
storage tank is 500,000 gallons and it is constructed of carbon steel because of the 
assumption that no hydrogen peroxide is present. The purchase cost is 214,000 USD with 
a bare module cost of 428,000 USD. The utility associated with this tank is 8.15 USD per 
hour. Further information on this unit can be found in the specification sheet on Page 85. 
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3.2.2 Process Section 200  
Process Section 200 is the first separations section in the process and has two primary 
functions: removing unwanted gases in the process streams and condensing the vapor 
effluent to merge with the liquid effluent separation processes in Process Section 300.  
As mentioned in Process Section 100A&B, the streams leaving the reactors through the 
relief valves contain a mixture of oxygen, benzene, water, acetonitrile and minimal 
phenol. It is critical to remove the oxygen from this process, which degrades the catalyst 
and introduces explosion limit concerns, while recovering the reactant, solvent and 
product. In order to achieve this, the vented gases are compressed, condensed and sent 
through a flash vessel. Because of oxygen’s low freezing point and the relatively non-
volatile nature of the other substances, the flash vaporization block operates at a low 
temperature and mild pressure to successfully separate most of the oxygen vapor from the 
remaining liquid components.  
The liquid products, consisting of unreacted benzene, water, acetonitrile and phenol, from 
Process Section 100A&B are ready to be separated. After combining this stream with the 
liquid stream from the flash vessel, the combined fluid is heated and sent to Process 
Section 300.  
Compressor C-201 
Compressor unit C-201 compresses the gases released from the reactors, in stream S-139, 
to a sufficiently high pressure to pass through the entire separations process sections. 
Stream S-139 enters at a pressure of 22 psi and exits at a pressure of 169 psi. This unit 
has a driver power of 576 Hp, develops a head of 62,712 foot-pound force per pound, and 
requires 429.9 kW of electricity. The utility cost associated with this compressor is 35.08 
USD per hour. The compressor is constructed of carbon steel, with a purchase cost of 1.2 
million USD and bare module cost of 2.56 million USD. Further information is available 
in the specification sheet on Page 52. 
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Flash Vessel F-201 
This flash vessel F-201 operates to remove oxygen from the vapor reactor effluent stream 
by flashing the contents. The flash vessel does not remove all of the gases but is effective 
at removing a pure enough oxygen stream in S-206 that can be sent to a flare to eliminate 
any additional organics present. A majority of the organics including previously 
vaporized benzene, acetonitrile, and phenol are condensed and recovered. The vessel 
operates at 147 psi and 149 F. The vessel is 1,128 gallons, 12 feet in height, and 4 feet in 
diameter. It is constructed of carbon steel with a purchase cost is 19,200 USD and bare 
module cost of 79,872 USD. Further information is available in the specification sheet on 
Page 58. 
Heat Exchanger HX-201 
Heat Exchanger HX-201 cools stream S-201, the pressurized vapor effluents from the 
reactors, and heats stream S-309 in preparation for distillation tower D-402 in Process 
Section 400. Stream S-201 is condensed from 452.6 F to 77 F thereby condensing all 
vapors while S-309 is heated from 41 F to 247.4 F. This preheating will reduce the kettle 
reboiler duty of K-402 in Process Section 400. HX-201 is a double pipe heat exchanger 
made out of carbon steel with an area of 638.2 square feet. The purchase cost is 21,200 
USD and bare module cost is 38,160 USD. Further information is available in the 
specification sheet on Page 60. 
Heat Exchanger HX-202 
Heat Exchanger HX-202 cools stream S-205, the combined flash vessel feed, and heats 
cooling water stream S-214. Stream S-205 is cooled from 459.4 F to 200.9 F thereby 
allowing for the proper operation and desired separation to occur in flash vessel F-201. 
The cooling water stream S-214 is heated from 77.1 F to 119.6 F with a flow rate of 
178,726 pounds per hour. HX-202 is a double pipe heat exchanger made out of carbon 
steel with an area of 303.6 square feet. The purchase cost is 14,200 USD and bare module 
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cost is 25,560 USD. Further information is available in the specification sheet on Page 
61. 
Heat Exchanger HX-203  
Heat Exchanger HX-203 cools stream S-402, the vapor effluent from distillation tower 
D-402 in Process Section 400, and heats stream S-208 in preparation for distillation tower 
D-301 in Process Section 300. This heating reduces the heat duty of the kettle reboiler K-
301. Stream S-402 is condensed from 236.4 F to 219.2 F thereby partially condensing the 
benzene and acetonitrile recycle and partially preparing it to be recycled to the reactors in 
Process Section 100A&B. S-208 is heated from 164 F to 224.3 F. This preheating will 
reduce the kettle reboiler duty of K-301 in Process Section 300. HX-203 is a double pipe 
heat exchanger made out of carbon steel with an area of 4,389 square feet. The purchase 
cost is 74,100 USD and bare module cost is 133,380 USD. Further information is 
available in the specification sheet on Page 62. 
Heat Exchanger HX-204  
Heat Exchanger HX-204 condenses stream S-220, the previously partially cooled 
benzene and acetonitrile recycle stream from process Section 400, and heats cooling 
water stream S-218. Stream S-220 is cooled from 219.2 F to 198.7 F thereby allowing for 
the recycle to condense and sent to Process Section 100A&B as a liquid. The cooling 
water stream S-218 is heated from 77.1 F to 122.8 F with a flow rate of 893,630 pounds 
per hour. HX-204 is a double pipe heat exchanger made out of carbon steel with an area 
of 2,506.7 square feet. The purchase cost is 49,700 USD and bare module cost is 89,460 
USD. Further information is available in the specification sheet on Page 63. 
Pump P-201A/B 
Pump unit P-201 pumps the combined reactor effluents from P-109 in Process Section 
100A/B and combines it with stream S-211 from F-201 and stream S-303 from Process 
Section 300. Pump P-201 raises its pressure to 176 psi. Stream S-211 is in the liquid 
phase at a temperature of 161.4 F as it is being pumped towards heat exchanger HX-202. 
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This unit produces 420.8 feet of head, pumps 557 gpm, and requires 263.2 kW of 
electricity. The pump is constructed of carbon steel, with a purchase cost of 29,900 and 
bare module cost of 88,770 USD. The utility associated with this unit is 21.48 USD per 
hour. Further information is available in the specification sheet on Page 77. A spare pump 
is necessary because the pumping of the main stream is an integral part of the process. 
Pump P-202A/B 
Pump unit P-202 pumps cooling water to be utilized in heat exchanger HX-202. It raises 
the cooling water pressure to 36.9 psi. Stream S-213 is in the liquid phase at a 
temperature of 77 F as it is being pumped. This unit produces 51.1 feet of head, pumps 
393.7 gpm, and requires 5.04 kW of electricity. The pump is constructed of carbon steel, 
with a purchase cost of 6,900 USD and bare module cost of 22,770 USD. The utility 
associated with this unit is 0.41 USD per hour. Further information is available in the 
specification sheet on Page 77. The cooling of Stream S-204 before it reaches the flash 
vessel is essential to the process therefore a spare pump is necessary.  
Pump P-203A/B 
Pump unit P-203 pumps cooling water to be utilized in heat exchanger HX-204. It raises 
the cooling water pressure to 36.9 psi. Stream S-218 is in the liquid phase at a 
temperature of 77 F as it is being pumped. This unit produces 51 feet of head, pumps 
1,969 gpm, and requires 21.2 kW of electricity. The pump is constructed of carbon steel, 
with a purchase cost of 13,300 USD and bare module cost of 43,890 USD. The utility 
associated with this unit is 1.73 USD per hour. Further information is available in the 
specification sheet on Page 78. The cooling of Stream S-220 before it reaches Process 
Section 100 is essential to the process therefore a spare pump is necessary. 
 
  
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
39 
 
3.2.3 Process Section 300  
Process Section 300 aims to separate phenol from water and contains the largest 
distillation column of the separations process. It is very difficult to extract phenol from 
water without using an uneconomical liquid-liquid extraction process. In order to prevent 
this expensive separation technique later in the process, it is imperative to remove the 
water from the phenol in the first column while other species are still present. Therefore 
this section takes the lone stream from Section 200, S-209, which contains the liquid 
product from the Process Section 100A&B and Process Section 200, and feeds it into a 
distillation column. The large column successfully separates the water into the distillate 
streams while keeping the phenol in the bottoms stream. The vapor distillate stream 
containing some oxygen and other vapor impurities is recycled back to flash vessel F-201 
in Process Section 200. The liquid distillate stream is fed to a decanter to help remove the 
water from the remaining components. The aqueous phase will be further purified in 
Process Section 400 whereas the organic phase is recycled back into pump P-201 in 
Process Section 200. The bottoms stream of the column is delivered to Process Section 
400. 
Decanter DC-301 
Decanter unit DC-301 separates the water and organic materials such that the benzene 
and acetonitrile can be recycled and the water can be discarded. This unit is fed by stream 
S-308, the condensed and cooled distillate from column D-301 at a flow rate of 520.32 
gpm, at 182.9 F and 139.6 psi. The decanter operates at 41 F and 58.8 psi. The organic 
phase, containing 20 percent of the total water feed and a majority of the phenol, benzene 
and acetonitrile, leaves in stream S-305 and is utilized to cool the decanter feed stream in 
heat exchanger HX-301 before it is recycled back to distillation column D-301. The 
aqueous phase containing 80 percent of the water and the remaining organic materials 
leaves in stream S-309 and is utilized in Process Section 200 to condense the reactor 
vapor effluents in heat exchanger HX-201 before feeding into distillation column D-402 
in Process Section 400. The decanter has a volume of 3,807 gallons with a vessel height 
of 18 feet and diameter of 6 feet. The decanter is constructed of carbon steel, with a 
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purchase cost of 32,900 USD and bare module cost of 100,345 USD. A utility of 
156.57USD is associated with maintaining the temperature with chilled water. Further 
information is available in the specification sheet on Page 54.  
Distillation Column D-301 
This column is designed to separate the water from the phenol.  Because of the nature of 
the azeotropes in this mixture, particularly the phenol-water azeotrope, it is much more 
energy efficient to remove the water early in the process while other liquids are in the 
stream. This column, in combination with decanter DC-301 and distillation column D-
402, compose of an azeotropic distillation train. Stream S-209 enters the column at 224.3 
F and 169 psi. The stream consists of the acetonitrile solvent with large quantities of 
phenol, benzene, and water with catalyst and minimal remaining oxygen. Stream S-209 
feeds the sieve-tray column on tray 4 at a rate of 467,930 pounds per hour. This 4-pass 
column has 18 stages, tray spacing is 2 feet, total height is 48 feet, Murphree Tray 
Efficiency is 0.35, and column diameter is 11 feet. The column is operated at 169 psi 
with reflux and boilup ratios of 0.0001 and 2 respectively. A partial vapor liquid 
condenser named HX-302, kettle reboiler K-301, and reflux pump P-301 are associated 
with this distillation tower. 97.5 percent of the water is in the vapor and liquid distillate 
and 98 percent of the phenol is in the bottoms so the key separation is successful whereas 
the remaining components have significant proportions in both streams. The remaining 2 
percent of phenol in the distillate eventually recycles back into the feed for this 
distillation column to ensure maximum product recovery. Stream S-302 routes the 
bottoms product to Process Section 400 for further separation. Stream S-304 takes the 
liquid distillate through heat exchanger HX-301 before sending it to decanter DC-301. 
Stream S-310 directly recycles the vapor stream back to the flash vessel F-201 feed in 
Process Section 200. The column is constructed from carbon steel with a purchase cost of 
275,900 USD and bare module cost of 1.15 million USD. Further information is available 
in the specification sheet on Page 55. 
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Heat Exchanger HX-301 
Heat Exchanger HX-301 cools stream S-304, the distillate from column D-301 at a flow 
rate of 570.12 gpm, from 278.3 F to 182.9 F in order to reduce the cooling duty for 
decanter DC-301. The heat is removed into heating stream S-306 from 41 F to 190.6 F 
thereby preheating the feed to Pump P-201 and in turn distillation column D-301. HX-
301 is a double pipe heat exchanger made out of carbon steel. This heat exchanger is a 
perfect example of the heat integration strategy utilized in the design process that will be 
discussed in Chapter 2.4.1. The area required is 930 square feet with a purchase cost of 
24,400 USD and bare module cost of 43,920 USD. For additional information, see IPE 
specification sheet on Page 64. 
Heat Exchanger HX-302 
Heat exchanger HX-302 is the partial vapor-liquid condenser for distillation column D-
301. The exchanger condenses 570.12 gpm in stream S-304, leaving 620.3 gpm of vapor 
that is recycled back to flash vessel F-201 in stream S-310. The condenser operates at a 
temperature of 278 F and is a double pipe heat exchanger made out of carbon steel. 
Cooling water at a rate of 3,280,831.9 pounds per hour is utilized to cool the distillate 
with a heat duty of -65.52 million Btu per hour over an area of 2,365 square feet. The 
purchase cost is 43,000 USD and bare module cost is 136,310 USD. For additional 
information, see IPE specification sheet on Page 65. 
Kettle Reboiler K-301 
Kettle Reboiler unit K-301 utilizes high pressure steam at 400 psi to boilup and recycle 
the bottoms as a vapor. Superheated steam, at a rate of 133,131 pounds per hour, is 
utilized to heat the bottoms as it enters costing 1,558.71 USD per hour. The vessel has a 
heat duty of 104 million Btu per hour and heat transfer area of 10,169 square feet. The 
bottoms stream S-302 leaves at 362.5 F and 154.3 psi. The reboiler is constructed of 
carbon steel. The kettle reboiler purchase cost is 273,600 USD and bare module cost is 
867,312 USD. For additional information, see IPE specification sheet on Page 69.  
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Reflux Accumulator A-301 
The reflux accumulator collects the condensed vapor from Distillation Column DC-301 
and then splits the outlet into either reflux or distillate. It is constructed from carbon steel 
and has a capacity of 3,913 gallons with a diameter of 6 feet and height of 18.5 feet. The 
purchase cost is 33,200 USD and bare module cost is 101,260 USD. The associated 
utility is 0.91 USD per hour. Further information is available in the specification sheet on 
Page 83. 
Reflux Pump P-301A/B 
Pump unit P-301 pumps the reflux effluent from reflux accumulator A-301 and feeds it 
back into distillation column D-301 according to the specified reflux ratio. This unit 
pumps 627 gpm. The pump is constructed of carbon steel, with a purchase cost of 10,700 
USD and bare module cost of 35,310 USD. The utility associated with this unit is 0.67 
USD per hour. Further information is available in the specification sheet on Page 84. A 
backup pump is necessary to ensure the proper execution of reflux ratios and distillation 
tower separation. 
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3.2.4 Process Section 400 
In Process Section 400, two distillation columns are utilized to further purify all product 
and waste streams while providing the source for all recycle streams. In order to purify 
the waste water received from the decanter in process section 300, a stripper is utilized 
with the bottoms being cooled and fed to the on site waste water treatment facility and 
distillate compressed and recycled to Process Section 200. An additional distillation 
tower fed from the bottoms of Process Section 300 D-301 fully separates the phenol and 
catalyst solubilized in minimal acetonitrile in the bottoms from benzene and acetonitrile 
in the distillate. This distillate is later condensed and recycled back to Process Section 
100A&B. The bottoms is fed to a flash vessel designed to vaporize and establish the final 
99 percent phenol product purity while flowing a catalyst slurry out of the bottoms.  
25 percent of the catalyst slurry is sent to Process Section 500 and 75 percent is recycled 
to Process Section 100A&B. The 75 percent recycle is immediately combined with the 
acetonitrile feed to re-solubilize the potential catalyst slurry. A series of heat exchangers 
are used to cool the wastewater stream to an appropriate temperature and condense the 
phenol product vapor prior to storage. 
Compressor C-401 
Compressor unit C-401 compresses the gases released from distillation tower D-402, in 
stream S-416, to a sufficiently high pressure to recycle and join the separations process in 
Process Section 200. Stream S-416 enters at a pressure of 36.7 psi and exits at a pressure 
of 169.1 psi. This unit has a driver power of 451 Hp, develops a head of 66,161 foot-
pound force per pound, and requires 336.3 kW of electricity. The utility cost associated 
with this compressor is 27.44 USD per hour.  The compressor is constructed of carbon 
steel, with a purchase cost of 1.02 million USD and bare module cost of 2.2 million USD. 
Further information is available in the specification sheet on Page 52. 
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Distillation Column D-401 
This column is designed to separate the benzene and acetonitrile from the phenol. This 
will allow for the recycling of nearly all the acetonitrile introduced into the process as 
well as a majority of the unreacted benzene. Stream S-302 enters the column at 362.5 F 
and 154.3 psi. Stream S-302 feeds the sieve-tray column on tray 6 at a rate of 258,690 
pounds per hour. This 4-pass column has 18 stages, tray spacing is 2 feet, total height is 
48 feet, Murphree Tray Efficiency is 0.4, and column diameter is 11 feet. The column is 
operated at 37.7 psi with reflux and boilup ratios of 0.145 and 3.35 respectively. A partial 
vapor condenser also named HX-403, kettle reboiler K-401, and reflux pump P-101 are 
associated with this distillation tower. Stream S-403 routes the bottoms product to flash 
vessel F-401 for product purification. Note that a purge stream has been outlined to allow 
for the removal of general impurities throughout the process as seen fit by the operators. 
These impurities may include carbon steel, corrosion, coking, etc. Stream S-402 takes the 
vapor distillate through heat exchanger HX-203 before recycling it back to Process 
Section 100A&B. The column is constructed from carbon steel with a purchase cost of 
212,600 USD and bare module cost of 884,416 million USD. Further information is 
available in the specification sheet on Page 56. 
Distillation Column D-402 
This column is designed to separate the water from the organics present in the feed. The 
water exiting the column will be cooled prior to being sent to the on-site wastewater 
treatment facility while the vapor distillate will be directly recycled to Process Section 
200. Stream S-407 enters the column at 230.5 F and 36.7 psi. This stream contains the 
heated contents of the aqueous phase effluent of the decanter mainly consisting of water 
and minimal organics. Stream S-407 feeds the sieve-tray column on tray 2 at a rate of 
33,644 pounds per hour. This 4-pass column has 9 stages, tray spacing is 2 feet, total 
height is 30 feet, Murphree Tray Efficiency is 0.4, and column diameter is 2 feet. The 
column is operated at 37.3 psi with a boilup ratio 0.18. No condenser is present as there is 
no reflux. A kettle reboiler K-402 is associated with this distillation tower. Stream S-408 
routes the bottoms product to heat exchanger HX-401 for cooling prior to treatment. 
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Stream S-416 takes the liquid distillate through the compressor C-401 prior to recycling it 
to Process Section 200. The column is constructed from carbon steel with a purchase cost 
of 40,100 USD and bare module cost of 166,816 USD. Further information is available in 
the specification sheet on Page 57. 
Flash Vessel F-401 
This flash vessel F-401 operates to purify phenol product from the bottoms stream of D-
401, which also includes some catalyst. The flash vessel does not remove all of the 
phenol, but still allows for the satisfaction of the 500 million pounds per year production 
requirement. Furthermore, the concentration of acetonitrile is enough to allow the catalyst 
to remain solubilized in the feed stream S-404, but possibly not in the bottoms outflow in 
stream S-425. Nevertheless, the presence of some minimal phenol is expected to create a 
slurry that quickly merges with the acetonitrile feed and reestablishes a solubilized 
catalyst. The vessel operates at 22 psi and 392 F. The vessel is 1,763 gallons, 12 feet in 
height, and 5 feet in diameter. It is constructed of carbon steel with a purchase cost is 
21,200 USD and bare module cost of 88,192 USD. Further information is available in the 
specification sheet on Page 58. 
Heat Exchanger HX-401 
Heat Exchanger HX-401 cools stream S-409, the bottoms from column D-402 at a flow 
rate of 51.3 gpm, from 231.2 F to 122 F in order to prepare the waste water for treatment. 
The heat is removed into cooling water stream S-413 with a temperature increase from 
77.1 F to 85.3 F. The flow rate of cooling water is 795.4 gpm. HX-401 is a double pipe 
heat exchanger made out of carbon steel. This heat exchanger is a perfect example of the 
heat integration strategy utilized in the design process that will be discussed in Chapter 
2.4.1. The area required is 231.3 square feet with a purchase cost of 13,400 USD and bare 
module cost of 24,120 USD. For additional information, see IPE specification sheet on 
Page 66. 
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Heat Exchanger HX-402 
Heat Exchanger HX-402 cools stream S-405, the vaporized phenol product from the flash 
vessel F-401 with a flow of 135.3 gpm, from 392 F to 354 F in order to prepare the 
product for storage. The heat is removed to change the temperature of stream S-414 from 
85.3 F to 121.6 F. HX-402 is a double pipe heat exchanger made out of carbon steel. This 
heat exchanger is also a perfect example of the heat integration strategy utilized in the 
design process that will be discussed in Chapter 2.4.1. The area required is 359.2 square 
feet with a purchase cost of 15,100 USD and bare module cost of 27,180 USD. For 
additional information, see IPE specification sheet on Page 67. 
Heat Exchanger HX-403 
Heat Exchanger HX-403 cools the distillate from column D-401 in preparation for the 
reflux accumulator A-401. The heat is removed into a cooling water stream with 48,979 
gpm of cooling water. HX-403 is a double pipe heat exchanger made out of carbon steel. 
The area required is 243 square feet with a purchase cost of 12,000 USD and bare module 
cost of 38,040 USD. For additional information, see IPE specification sheet on Page 68. 
Kettle Reboiler K-401 
Kettle Reboiler unit K-401 utilizes high pressure steam at 400 psi to boilup and recycle 
the bottoms as a vapor. Superheated steam, at a rate of 56,447 pounds per hour, is utilized 
to heat the bottoms as it enters costing 661.45 USD per hour. The vessel has a heat duty 
of 44.1 million Btu per hour and heat transfer area of 15,285 square feet. The bottoms 
stream S-403 leaves at 424.8 F and 38.6 psi. The reboiler is constructed of carbon steel. 
The kettle reboiler purchase cost is 395,900 USD and bare module cost is 1.26 million 
USD. For additional information, see IPE specification sheet on Page 69.  
Kettle Reboiler K-402 
Kettle Reboiler unit K-402 utilizes high pressure steam at 100 psi to boilup and recycle 
the bottoms as a vapor. Superheated steam, at a rate of 4,582.4 pounds per hour, is 
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utilized to heat the bottoms as it enters costing 37.31 USD per hour. The vessel has a heat 
duty of 4.07 million Btu per hour and heat transfer area of 290 square feet. The bottoms 
stream S-408 leaves at 258.4 F and 37.6 psi. The reboiler is constructed of carbon steel. 
The kettle reboiler purchase cost is 16,600 USD and bare module cost is 52,622 USD. 
For additional information, see IPE specification sheet on Page 70.  
Pump P-402A/B 
Pump unit P-402 pumps the catalyst recycle back to process Section 100A&B. It raises 
the stream S-422 pressure to 36.9 psi. Stream S-422 is in the liquid phase at a temperature 
of 171.1 F as it is being pumped. This unit produces 41.4 feet of head, pumps 3.21 gpm, 
and requires 0.06 kW of electricity. The pump is constructed of carbon steel, with a 
purchase cost of 3,700 USD and bare module cost of 12,210 USD. The utility associated 
with this unit is 0.01 USD per hour. Further information is available in the specification 
sheet on Page 78. The recycle of stream S-137 to Process Section 100A&B is essential to 
the process and therefore a backup pump is necessary. 
Pump P-403A/B 
Pump unit P-403 pumps the acetonitrile feed into the catalyst recycle stream S-418 from 
storage tank ST-401. It raises pressure to 36.9 psi. Stream S-418 is in the liquid phase at a 
temperature of 77 F as it is being pumped. Locating the acetonitrile feed in this section 
allows for the re-solubilization of any catalyst that may have precipitated out to form 
phenol-vanadyl pyrophosphate slurry in streams S-425 and S-421. This unit produces 
65.3 feet of head, pumps 2.13 gpm, and requires 0.07 kW of electricity. The pump is 
constructed of carbon steel, with a purchase cost of 3,700 USD and bare module cost of 
12,210 USD. The utility associated with this unit is 0.01 USD per hour. Further 
information is available in the specification sheet on Page 79. The addition of acetonitrile 
to maintain a single miscible phase in Process Section 100A&B is critical to this process 
and therefore a backup pump is necessary. 
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Pump P-404A/B 
Pump unit P-404 pumps cooling water to be utilized in heat exchanger HX-401 and HX-
402. It raises the cooling water pressure to 44 psi. Stream S-411 is in the liquid phase at a 
temperature of 77 F as it is being pumped. This unit produces 68.1 feet of head, pumps 
875 gpm, and requires 13.5 kW of electricity. The pump is constructed of carbon steel, 
with a purchase cost of 10,900 USD and bare module cost of 35,970 USD. The utility 
associated with this unit is 1.10 USD per hour. Further information is available in the 
specification sheet on Page 79. The cooling of stream S-409 for wastewater treatment and 
condensation of stream S-405 to obtain the phenol product is essential to the process and 
therefore a backup pump is necessary. 
Reflux Accumulator A-401 
The reflux accumulator collects the condensed vapor from distillation column DC-401 
and then splits the outlet into either reflux or distillate. It is constructed from carbon steel 
and has a capacity of 2,884 gallons with a diameter of 5.5 feet and height of 16 feet. The 
purchase cost is 21,800 USD and bare module cost is 66,490 USD. Further information is 
available in the specification sheet on Page 83. 
Reflux Pump P-401A/B 
Pump unit P-401 pumps the reflux effluent from reflux accumulator A-401 and feeds it 
back into Distillation Column D-401 according to the specified reflux ratio. This unit 
pumps 69.7 gpm. The pump is constructed of carbon steel, with a purchase cost of 5.300 
USD and bare module cost of 17,490 USD. The utility associated with this unit is 0.01 
USD per hour. Further information is available in the specification sheet on Page 84. A 
backup pump is necessary to ensure the proper execution of reflux ratios and distillation 
tower separation. 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
49 
 
Storage Tank ST-401 
Storage Tank ST-401 (not shown) is included to allow for the storage of phenol product 
from stream S-406. The capacity of this carbon steel cone roof storage tank is 65,000 
gallons. The purchase cost is 76,000 USD with a bare module cost of 152,000 USD. The 
utility associated with this tank is 4.55 USD per hour. Further information on this unit 
can be found in the specification sheet on Page 86. 
 
  
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
50 
 
3.2.5 Process Section 500  
Process Section 500 is responsible for regenerating 25 percent of the catalyst utilized in 
Process Section 100A&B. From the bottoms of flash vessel F-401 in Process Section 
400, it is possible to split a fourth of the total catalyst slurry and draw it into the furnace 
FR-501 present in Process Section 500.  The temperature and residence time of the slurry 
to ensure the re-calcination of the catalyst was specified by Arunabha et. al. (1). A 
nitrogen environment is key to ensuring effective calcination. In combination with 
several other studies, it is safe to assume that the vanadyl pyrophosphate regains its 
original properties following re-calcination. 
The effluents from the furnace consist of a waste stream sent to a flare that contains 
minimal phenol in stream S-504. The regenerated catalyst from the furnace is sent back 
to the catalyst feed (not shown) thereby continuously replenishing it. Pump P-102 and 
stream S-104 in Process Section 100A&B draw this catalyst. 
Compressor C-501 
The nitrogen vapor stream from compressor C-501 envelops the catalyst slurry as it is re-
calcinated in furnace FR-501.It is fed from room temperature and atmospheric pressure in 
S-501 through the compressor to S-502. The compressor increases the pressure to 36.7 
psi before entering the reactor at 14.7 psi. This unit has a driver power of 0.34 Hp, 
develops a head of 31,000 foot-pound force per pound, and requires 0.25 kW of 
electricity. The compressor is constructed of carbon steel, with a purchase cost of 
818,500 USD and bare module cost of 1.76 million USD. There is an associated utility of 
0.02 USD per hour. Further information is available in the specification sheet on Page 53.  
Furnace FR-501 
The furnace is at a pressure of 14.7 psi and 752 F. The incoming catalyst-phenol slurry in 
S-424 remains in the unit for 4 hours to allow for re-calcination. Under these conditions, 
the vaporized phenol leaves through the top in S-505 to a flare with the associated 
nitrogen vapor while the solid catalyst leaves in S-504. To achieve these conditions, 4.7 
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pounds per hour of natural gas will be utilized to heat the vessel. The furnace is 56,400 
gallons, 49 feet in height, and 14 feet in diameter. It is constructed of carbon steel and has 
an associated heat duty of 47,978 Btu per hour. The furnace has a purchase cost of 
725,300 USD and bare module cost of 1.588 million USD. The utility cost associated 
with the furnace is 0.55 USD per hour. Further information on this unit can be found in 
the specification sheet on Page 59.  
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3.3 Unit Specification Sheets  
3.3.1 Compressor  
  
 
  
Identification: Equipment Compressor  Inlet Stream: S-139
Equipment No. C-201  Outlet Stream: S-201
Number of Units: 1
Function: Increase stream pressure to 176 psi and temperature to 460 F for heat exchange
and flash vaporization.
Type: Isentropic Centrifugal Compressor
Design: Isentropic Efficiency: 72%  Inlet Pressure: 22 psi
Specific Heat Ratio: 1.22  Outlet Pressure: 169 psi
Utility: 429.9 kW/hr  Inlet Temperature: 140 F
Construction Material: Carbon Steel  Outlet Temperature: 452.6 F
Driver Power: 576 Hp  Total Weight: 43,091 lbs
Head Developed: 62,712 ft-lbf/lb
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$1,191,800.00 $2,562,370.00 35.08
Remarks:
COMPRESSOR
Identification: Equipment Compressor  Inlet Stream: S-416
Equipment No. C-401  Outlet Stream: S-417
Number of Units: 1
Function: Increase temperature and pressure of distillate from column D-402 for heat
exchange.
Type: Isentropic Centrifugal Compressor
Design: Isentropic Efficiency: 72%  Inlet Pressure: 36.7 psi
Specific Heat Ratio: 1.25  Outlet Pressure: 169 psi
Utility: 336.3 kW/hr  Inlet Temperature: 234.6 F
Construction Material: Carbon Steel  Outlet Temperature: 533.7 F
Driver Power: 451 Hp  Total Weight: 8,736 lbs
Head Developed: 66,161 ft-lbf/lb
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$1,023,200.00 $2,199,880.00 27.44
Remarks:
COMPRESSOR
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Identification: Equipment Compressor  Inlet Stream: S-501
Equipment No. C-501  Outlet Stream: S-502
Number of Units: 1
Function: Increases temperature and pressure of Stream S-501 prior to insertion in furnace.
Type: Isentropic Centrifugal Compressor
Design: Isentropic Efficiency: 72%  Inlet Pressure: 14.7 psi
Specific Heat Ratio: 1.4  Outlet Pressure: 36.7 psi
Utility: 0.25 kW/hr  Inlet Temperature: 77 F
Construction Material: Carbon Steel  Outlet Temperature: 299.3 F
Driver Power: 0.34 Hp  Total Weight: 22,865 lbs
Head Developed: 30,998 ft-lbf/lb
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$818,500.00 $1,759,775.00 0.02
Remarks:
COMPRESSOR
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3.3.2 Decanter  
  
Identification: Equipment Horizontal Pressure Vessel  Inlet Stream: S-308
Equipment No. DC-301  First Liquid Outlet: S-309
Number of Units: 1  Second Liquid Outlet: S-305
Function: Separate liquid distillate into aqueous and organic phases. 
Design: Unit Volume: 3,807 gal Height: 18 ft
Operating Temperature: 41 F Diameter: 6 ft
Pressure: 58.8 psi Construction Material: Carbon Steel
Liquid Flow Rate: 204,675 lb/hr 1st Liquid Flow Rate: 33,644 lb/hr
Total Weight: 28,169 lbs 2nd Liquid Flow Rate: 171,010 lb/hr
Heat Duty: -19,848,151 Btu/hr Utility: 661,320 lb/hr
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$32,900.00 $100,345.00 156.57
Remarks:
DECANTER
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3.3.3 Distillation Column  
 
Identification: Equipment: Distillation Column
Equipment Code: D-301
Number of Units: 1
Function: First column in azeotropic distillation sequence.
Operation: Continuous
Materials Handled: Feed Liquid Distillate Vapor Distillate Bottoms
   Stream ID: S-209 S-304 S-310 S-301
   Temperature (F): 224.3 278.3 278.3 370.7
   Pressure (psi): 169.0 169.0 169.0 169.0
   Quantity (lb/hr): 467,930.0 204,660.0 4,578.8 258,690.0
Composition:
Benzene 90,361.0 70,380.0 1,911.3 18,070.0
Phenol 65,521.0 1,586.1 1.0 63,933.0
Water 34,558.0 33,731.0 590.2 236.5
Acetonitrile 275,320.0 97,934.0 1,029.1 176,360.0
Hydrogen Peroxide 0.0 0.0 0.0 0.0
Oxygen 2,075.2 1,028.0 1,047.2 0.0
Vanadyl Pyrophosphate 90.0 0.0 0.0 90.0
Design: Number of trays: 18  Tray Spacing: 2 ft
Total Weight: 199,207 lbs  Tray Type: Seive
Feed Stage: 4  Number of Passes: 4
Total Height: 48 ft  Condenser Type: Partial Vapor-Liquid
Construction Material: Carbon Steel  Condenser Duty: -65,505,600 Btu/hr
Inside Diameter: 11 ft  Reboiler Duty: 103,878,000 Btu/hr
Tray Efficiency: 35%  Reflux Ratio: 0.0001
Tray Material: Carbon Steel  Boilup Ratio: 2
Column Pressure: 169 psi  Skirt Height: 10 ft
Cost: Purchase Cost: Bare Module Cost:
$275,900.00 $1,147,744.00
Remarks:
DISTILLATION COLUMN
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Identification: Equipment: Distillation Column
Equipment Code: D-401
Number of Units: 1
Function: To separate phenol product from reactant recycle.
Operation: Continuous
Materials Handled: Feed Distillate Bottoms
   Stream ID: S-302 S-402 S-403
   Temperature (F): 362.5 236.4 425.5
   Pressure (psi): 154.3 36.7 38.6
   Quantity (lb/hr): 258,690.0 194,870.0 63,817.0
Composition:
Benzene 18,070.0 18,070.0 0.0
Phenol 63,933.0 474.4 63,459.0
Water 236.5 236.5 0.0
Acetonitrile 176,360.0 176,090.0 267.9
Hydrogen Peroxide 0.0 0.0 0.0
Oxygen 0.0 0.0 0.0
Vanadyl Pyrophosphate 90.0 0.0 90.0
Design: Number of trays: 18  Tray Spacing: 2 ft
Total Weight: 140,570 lbs  Tray Type: Seive
Feed Stage: 6  Number of Passes: 4
Total Height: 48 ft  Condenser Type: Partial Vapor
Construction Material: Carbon Steel  Condenser Duty: -8,168,640 Btu/hr
Inside Diameter: 11 ft  Reboiler Duty: 44,081,800 Btu/hr
Tray Efficiency: 40%  Reflux Ratio: 0.145
Tray Material: Carbon Steel  Boilup Ratio: 3.35
Column Pressure: 37.7 psi  Skirt Height:   10 ft
Cost: Purchase Cost: Bare Module Cost:
$212,600.00 $884,416.00
Remarks:
DISTILLATION COLUMN
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Identification: Equipment: Distillation Column
Equipment Code: D-402
Number of Units: 1
Function: Second column in azeotropic distillation sequence.
Operation: Continuous
Materials Handled: Feed Distillate Bottoms
   Stream ID: S-407 S-416 S-408
   Temperature: 230.3 234.7 258.3
   Pressure (psi): 36.7 36.7 37.6
   Quantity (lb/hr): 33,644.0 9,719.6 23,927.0
Composition:
Benzene 150.7 150.7 0.0
Phenol 77.8 8.5 69.2
Water 27,143.0 3,737.7 23,405.0
Acetonitrile 5,989.5 5,537.6 451.9
Hydrogen Peroxide 0.0 0.0 0.0
Oxygen 283.1 283.1 0.0
VPO 0.0 0.0 0.0
Design: Number of trays: 9  Tray Spacing: 2 ft
Total Weight: 19,631 lbs  Tray Type: Seive
Feed Stage: 2  Number of Passes: 4
Total Height: 30 ft  Condenser Type: None
Construction Material: Carbon Steel  Condenser Duty: 0 Btu/hr
Inside Diameter: 2 ft  Reboiler Duty: 4,072,980 Btu/hr
Tray Efficiency: 40%  Reflux Ratio: 0
Tray Material: Carbon Steel  Boilup Ratio: 0.18
Column Pressure: 37.3 psi  Skirt Height:   10 ft
Cost: Purchase Cost: Bare Module Cost:
$40,100.00 $166,816.00
Remarks:
DISTILLATION COLUMN
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3.3.4 Flash Vessel 
  
 
 
Identification: Equipment: Vertical Vessel  Inlet Stream: S-204
Equipment Code: F-201  Outlet Liquid Stream: S-210
Number of Units: 1  Outlet Vapor Stream: S-206
Function: Remove Henry's components (Oxygen) from reactor train vapor effluents.
Design: Temperature: 149 F
Pressure: 147 psi
Light Flow Rate: 926.8 lb/hr
Heavy Flow Rate: 26,527 lb/hr
Height: 12 ft
Diameter: 4 ft
Construction Material: Carbon Steel 
Liquid Volume: 1,128 gal
Total Weight: 13,599 lbs
Cost: Purchase Cost: Bare Module Cost:
$19,200.00 $79,872.00
Remarks:
FLASH VESSEL
Identification: Equipment: Vertical Vessel  Inlet Stream: S-404
Equipment Code: F-401  Outlet Liquid Stream: S-425
Number of Units: 1  Outlet Vapor Stream: S-405
Function: Purify phenol product to 99.9%.
Design: Temperature: 392 F
Pressure: 22 psi
Light Flow Rate: 63,227.6 lb/hr
Heavy Flow Rate: 589.4 lb/hr
Height: 12 ft
Diameter: 5 ft
Construction Material: Carbon Steel
Liquid Volume: 1,763 gal
Total Weight: 21,215 lbs
Cost: Purchase Cost: Bare Module Cost:
$21,200.00 $88,192.00
Remarks:
FLASH VESSEL
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3.3.5 Furnace 
  
Identification: Equipment: Furnace, Fired Heater  Inlet Stream: S-424, S-503
Equipment Code: FR-501  Outlet Stream: S-504, S-505
Number of Units: 1
Function: To regenerate 25% of the catalyst in each pass of the process.
Type: Natural Gas Fired Heater
Design: Temperature: 752 F
Pressure: 14.7 psi
Fuel Used: Natural Gas
Heat Duty: 47,978 Btu/hr
Vessel Diameter: 14 ft
Vessel Height: 49 ft
Total Weight: 374,921 lbs
Construction Material: Carbon Steel
Liquid Volume: 56,428.9 gal
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$725,300.00 $1,588,407.00 0.55
Remarks:
FURNACE
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3.3.6 Heat Exchanger  
  
Identification: Equipment Heat Exchanger  Inlet Stream: S-201, S-309
Equipment No. HX-201  Outlet Stream: S-202, S-212
Number of Units: 1
Function: Cool vapor effluent from reactor trains with organic phase decanter effluent.
Operation: Continuous, Countercurrent
Type: Double-pipe
Design: Area Required: 638.2 sqft
Cold Stream Flowrate: 33,644 lb/hr
Hot Stream Flowrate: 13,104.8 lb/hr
Cold Stream Inlet Temp: 41 F
Cold Stream Outlet Temp:  247.4 F
Hot Stream Inlet Temp:  452.6 F
Hot Stream Outlet Temp: 77 F
Tube Material: Carbon Steel
Tube Outside Diameter: 1 in
Tube Length: 20 ft
Tube Pitch: 1.25 in
Shell Material: Carbon Steel
Tube Sheet Material: Carbon Steel
Number of Tube Passes: 2
Number of Shell Passes: 1
Total Weight: 22,656 lbs
Cost: Purchase Cost: Bare Module Cost:
$21,200.00 $38,160.00
Remarks:
HEAT EXCHANGER
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Identification: Equipment Heat Exchanger  Inlet Stream: S-205, S-214
Equipment No. HX-202  Outlet Stream: S-223, S-215
Number of Units: 1
Function: Cool feed to Flash Vessel F-201.
Operation: Continuous, Countercurrent
Type: Double-pipe
Design: Area Required: 303.6 sqft
Cold Stream Flowrate: 178,726 lb/hr
Hot Stream Flowrate: 14,296.4 lb/hr
Cold Stream Inlet Temp: 77.1 F
Cold Stream Outlet Temp:  119.6
Hot Stream Inlet Temp:  459.4 F
Hot Stream Outlet Temp: 200.9 F
Tube Material: Carbon Steel
Tube Outside Diameter: 1 in
Tube Length: 20 ft
Tube Pitch: 1.25 in
Shell Material: Carbon Steel
Tube Sheet Material: Carbon Steel
Number of Tube Passes: 2
Number of Shell Passes: 1
Total Weight: 12,666 lbs
Cost: Purchase Cost: Bare Module Cost:
$14,200.00 $25,560.00
Remarks:
HEAT EXCHANGER
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Identification: Equipment Heat Exchanger  Inlet Stream: S-402, S-208
Equipment No. HX-203  Outlet Stream: S-220, S-209
Number of Units: 1
Function: Preheat feed to D-301 using D-401 vapor distillate.
Operation: Continuous, Countercurrent
Type: Double-pipe
Design: Area Required: 4,389 sqft
Cold Stream Flowrate: 467,927 lb/hr
Hot Stream Flowrate: 194,871 lb/hr
Cold Stream Inlet Temp: 164.0 F
Cold Stream Outlet Temp:  224.3 F
Hot Stream Inlet Temp:  236.4 F
Hot Stream Outlet Temp: 219.2 F
Tube Material: Carbon Steel
Tube Outside Diameter: 1.0 in
Tube Length: 20 ft
Tube Pitch: 1.25 in
Shell Material: Carbon Steel
Tube Sheet Material: Carbon Steel
Number of Tube Passes: 2
Number of Shell Passes: 1
Total Weight: 59,612 lbs
Cost: Purchase Cost: Bare Module Cost:
$74,100.00 $133,380.00
Remarks:
HEAT EXCHANGER
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Identification: Equipment Heat Exchanger  Inlet Stream: S-220, S-218
Equipment No. HX-204  Outlet Stream: S-138, S-219
Number of Units: 1
Function: To fully condense reactant recycle stream.
Operation: Continuous
Type: Double-pipe
Design: Area Required: 2506.7 sqft
Cold Stream Flowrate: 893,630 lb/hr
Hot Stream Flowrate: 194,871 lb/hr
Cold Stream Inlet Temp: 77.1 F
Cold Stream Outlet Temp:  122.8 F
Hot Stream Inlet Temp:  219.2 F
Hot Stream Outlet Temp:  198.7 F
Tube Material: Carbon Steel
Tube Outside Diameter: 1 in
Tube Length: 20 ft
Tube Pitch: 1.25 in
Shell Material: Carbon Steel
Tube Sheet Material: Carbon Steel
Number of Tube Passes: 2
Number of Shell Passes: 1
Total Weight: 42,172 lbs
Cost: Purchase Cost: Bare Module Cost:
$49,700.00 $89,460.00
Remarks:
HEAT EXCHANGER
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Identification: Equipment Heat Exchanger  Inlet Stream: S-304, S-306
Equipment No. HX-301  Outlet Stream: S-307, S-303
Number of Units: 1
Function: Precool feed to decanter DC-301.
Operation: Continuous
Type: Double-pipe
Design: Area Required: 929.9 sqft
Cold Stream Flowrate: 171,010 lb/hr
Hot Stream Flowrate: 204,659 lb/hr
Cold Stream Inlet Temp:  41 F
Cold Stream Outlet Temp: 190.6 F
Hot Stream Inlet Temp:  278.3 F
Hot Stream Outlet Temp:   182.9 F
Tube Material: Carbon Steel
Tube Outside Diameter: 1 in
Tube Length: 20 ft
Tube Pitch: 1.25 in
Shell Material: Carbon Steel
Tube Sheet Material: Carbon Steel
Number of Tube Passes: 2
Number of Shell Passes: 1
Total Weight: 22,627 lbs
Cost: Purchase Cost: Bare Module Cost:
$24,400.00 $43,920.00
Remarks:
HEAT EXCHANGER
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Identification: Equipment Heat Exchanger
Equipment No. HX-302
Number of Units: 1
Function: Condenser for Distillation Column D-301
Operation: Continuous
Type: Double-pipe
Design: Area Required: 2,365.3 sqft
Tube Operating Temp: 95 F
Shell Operating Temp: 322 F
Tube Material: Carbon Steel
Tube Outside Diameter: 1 in
Tube Length: 20 ft
Tube Pitch: 1.25 in
Shell Material: Carbon Steel
Tube Sheet Material: Carbon Steel
Number of Tube Passes: 1
Number of Shell Passes: 1
Total Weight: 41,355 lbs
Cost: Purchase Cost: Bare Module Cost:
$43,000.00 $136,310.00
Remarks:
HEAT EXCHANGER
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Identification: Equipment Heat Exchanger  Inlet Stream: S-409, S-413
Equipment No. HX-401  Outlet Stream: S-410, S-414
Number of Units: 1
Function: Cool D-402 bottoms in preparation for wastewater treatment.
Operation: Continuous
Type: Double-pipe
Design: Area Required: 231.3 sqft
Cold Stream Flowrate: 397,169 lb/hr
Hot Stream Flowrate: 23,926.6 lb/hr
Cold Stream Inlet Temp:  77.1 F
Cold Stream Outlet Temp:  85.3 F
Hot Stream Inlet Temp:  231.1 F
Hot Stream Outlet Temp:   122.0 °F122 
Tube Material: Carbon Steel
Tube Outside Diameter: 1 in
Tube Length: 20 ft
Tube Pitch: 1.25 in
Shell Material: Carbon Steel
Tube Sheet Material: Carbon Steel
Number of Tube Passes: 2
Number of Shell Passes: 1
Total Weight: 11,237 lbs
Cost: Purchase Cost: Bare Module Cost:
$13,400.00 $24,120.00
Remarks:
HEAT EXCHANGER
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Identification: Equipment Heat Exchanger  Inlet Stream: S-405, S-414
Equipment No. HX-402  Outlet Stream: S-406, S-415
Number of Units: 1
Function: Condense phenol product. 
Operation: Continuous
Type: Double-pipe
Design: Area Required: 359.2 sqft
Cold Stream Flowrate: 397,169 lb/hr
Hot Stream Flowrate: 63,227.6 lb/hr
Cold Stream Inlet Temp: 85.3 F
Cold Stream Outlet Temp:  121.6 F
Hot Stream Inlet Temp:  392 F
Hot Stream Outlet Temp:   354 F
Tube Material: Carbon Steel
Tube Outside Diameter: 1 in.
Tube Length: 20 ft
Tube Pitch: 1.25 in.
Shell Material: Carbon Steel
Tube Sheet Material: Carbon Steel
Number of Tube Passes: 2
Number of Shell Passes: 1
Total Weight: 12,489 lbs
Cost: Purchase Cost: Bare Module Cost:
$15,100.00 $27,180.00
Remarks:
HEAT EXCHANGER
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Identification: Equipment Heat Exchanger
Equipment No. HX-403
Number of Units: 1
Function: Condenser for Distillation Column D-401.
Operation: Continuous
Type: Double-pipe
Design: Area Required: 242.8 sqft
Tube Operating Temp: 95 F
Shell Operating Temp: 238 F
Tube Material: Carbon Steel
Tube Outside Diameter: 1 in
Tube Length: 20 ft
Tube Pitch: 1.25 in
Shell Material: Carbon Steel
Tube Sheet Material: Carbon Steel
Number of Tube Passes: 1
Number of Shell Passes: 1
Total Weight: 10,589 lbs
Cost: Purchase Cost: Bare Module Cost:
$12,000.00 $38,040.00
Remarks:
HEAT EXCHANGER
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3.3.7 Kettle Reboiler 
  
 
 
 
 
Identification: Equipment: Heat Exchanger
Equipment Code: K-301
Number of Units: 1
Function: Reboiler for distillation column D-301.
Type: Kettle Reboiler
Design: Tube Length: 20 ft Number of Tube Passes: 2
Tube Pitch: 1.25 in, Triangular Heat Duty: 103.9 MMBtu/hr
Tube Outside Diameter: 1 in Heat Transfer Area: 10,168.8 sqft
Tube Operating Temp: 444.6 F Shell Operating Temp: 371 F
Tube Material: Carbon Steel Shell Material: Carbon Steel
Tube Sheet Material: Carbon Steel Total Weight: 146,525 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$273,600.00 $867,312.00 1,558.71
Remarks:
KETTLE REBOILER
Identification: Equipment: Heat Exchanger
Equipment Code: K-401
Number of Units: 1
Function: Reboiler for distillation column D-401.
Type: Kettle Reboiler
Design: Tube Length: 20 ft Number of Tube Passes: 2
Tube Pitch: 1.25 in, Triangular Heat Duty: 44.1 MMBtu/hr
Tube Outside Diameter: 1 in Heat Transfer Area: 15,284.8 sqft
Tube Operating Temp: 444.6 F Shell Operating Temp: 425 F
Tube Material: Carbon Steel Shell Material: Carbon Steel
Tube Sheet Material: Carbon Steel Total Weight: 197,583 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$395,900.00 $1,255,003.00 661.45
Remarks:
KETTLE REBOILER
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Identification: Equipment: Heat Exchanger
Equipment Code: K-402
Number of Units: 1
Function: Reboiler for distillation column D-402.
Type: Kettle Reboiler
Design: Tube Length: 20 ft Number of Tube Passes: 2
Tube Pitch: 1.25 in, Triangular Heat Duty: 4.07 MMBtu/hr
Tube Outside Diameter: 1 in Heat Transfer Area: 289.7 sqft
Tube Operating Temp: 328 F Shell Operating Temp: 258 F
Tube Material: Carbon Steel Shell Material: Carbon Steel
Tube Sheet Material: Carbon Steel Total Weight: 11,550 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$16,600.00 $52,622.00 37.31
Remarks:
KETTLE REBOILER
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3.3.8 Pump  
   
 
 
 
  
Identification: Equipment Pump  Inlet Stream: S-101
Equipment No. P-101  Outlet Stream: S-102
Number of Units: 2
Function: Increase pressure to 36.7 psi.
Operation: Continuous
Type: Centrifugal
Design: Casing Material: Carbon Steel  Inlet Pressure: 14.7 psi
Liquid Flow Rate: 132.3 gpm  Outlet Pressure: 36.7 psi
Fluid Head: 58.4 ft  Electricity: 2.06 kW
Pump Efficiency: 55.9%  Net Work Required: 2.77 Hp
Total Weight: 4,485 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$5,000.00 $16,500.00 0.17
Remarks: Second unit is spare.
PUMP
Identification: Equipment Pump  Inlet Stream: S-104
Equipment No. P-102  Outlet Stream: S-105
Number of Units: 2
Function: Increase pressure to 36.7 psi.
Operation: Continuous
Type: Centrifugal
Design: Casing Material: Carbon Steel  Inlet Pressure: 14.7 psi
Liquid Flow Rate: 0.07 gpm  Outlet Pressure: 36.7 psi
Fluid Head: 66.7 ft  Electricity: 0.002 kW
Pump Efficiency: 29.6%  Net Work Required: 0.003 Hp
Total Weight: 2,128 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$3,700.00 $12,210.00 0.0001
Remarks: Second unit is spare.
PUMP
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Identification: Equipment Pump  Inlet Stream: S-110
Equipment No. P-103  Outlet Stream: S-111
Number of Units: 2
Function: Increase pressure to 36.7 psi.
Operation: Continuous
Type: Centrifugal
Design: Casing Material: SS 304  Inlet Pressure: 14.7 psi
Liquid Flow Rate: 30.2 gpm  Outlet Pressure: 36.7 psi
Fluid Head: 40 ft  Electricity: 0.76 kW
Pump Efficiency: 34.8%  Net Work Required: 1.01 Hp
Total Weight: 3,261 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$5,300.00 $17,490.00 0.06
Remarks: Second unit is spare.
PUMP
Identification: Equipment Pump  Inlet Stream: S-114
Equipment No. P-104  Outlet Stream: S-115
Number of Units: 2
Function: Increase pressure to 36.7 psi.
Operation: Continuous
Type: Centrifugal
Design: Casing Material: SS 304  Inlet Pressure: 22 psi
Liquid Flow Rate: 371.2 gpm  Outlet Pressure: 36.7 psi
Fluid Head: 41.2 ft  Electricity: 3.19 kW
Pump Efficiency: 67.6%  Net Work Required: 4.3 Hp
Total Weight: 5,503.5 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$8,700.00 $28,710.00 0.26
Remarks: Second unit is spare.
PUMP
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Identification: Equipment Pump  Inlet Stream: S-118
Equipment No. P-105  Outlet Stream: S-119
Number of Units: 2
Function: Increase pressure to 36.7 psi.
Operation: Continuous
Type: Centrifugal
Design: Casing Material: SS 304  Inlet Pressure: 22 psi
Liquid Flow Rate: 364.4 gpm  Outlet Pressure: 36.7 psi
Fluid Head: 41 ft  Electricity: 3.14 kW
Pump Efficiency: 67.4%  Net Work Required: 4.2 Hp
Total Weight: 5,503.5 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$8,700.00 $28,710.00 0.26
Remarks: Second unit is spare.
PUMP
Identification: Equipment Pump  Inlet Stream: S-123
Equipment No. P-106  Outlet Stream: S-124
Number of Units: 2
Function: Increase pressure to 36.7 psi.
Operation: Continuous
Type: Centrifugal
Design: Casing Material: SS 304  Inlet Pressure: 14.7 psi
Liquid Flow Rate: 30.2 gpm  Outlet Pressure: 36.7 psi
Fluid Head: 40 ft  Electricity: 0.76 kW
Pump Efficiency: 34.8%  Net Work Required: 1.01 Hp
Total Weight: 3,261 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$5,300.00 $17,490.00 0.06
Remarks: Second unit is spare.
PUMP
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Identification: Equipment Pump  Inlet Stream: S-127
Equipment No. P-107  Outlet Stream: S-128
Number of Units: 2
Function: Increase pressure to 36.7 psi.
Operation: Continuous
Type: Centrifugal
Design: Casing Material: SS 304  Inlet Pressure: 22 psi
Liquid Flow Rate: 371.2 gpm  Outlet Pressure: 36.7 psi
Fluid Head: 41.2 ft  Electricity: 3.19 kW
Pump Efficiency: 67.6%  Net Work Required: 4.3 Hp
Total Weight: 5,503.5 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$8,700.00 $28,710.00 0.26
Remarks: Second unit is spare.
PUMP
Identification: Equipment Pump  Inlet Stream: S-131
Equipment No. P-108  Outlet Stream: S-132
Number of Units: 2
Function: Increase pressure to 36.7 psi.
Operation: Continuous
Type: Centrifugal
Design: Casing Material: SS 304  Inlet Pressure: 22 psi
Liquid Flow Rate: 364.4 gpm  Outlet Pressure: 36.7 psi
Fluid Head: 41 ft  Electricity: 3.14 kW
Pump Efficiency: 67.4%  Net Work Required: 4.2 Hp
Total Weight: 5,503.5 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$8,700.00 $28,710.00 0.26
Remarks: Second unit is spare.
PUMP
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Identification: Equipment Pump  Inlet Stream: S-136
Equipment No. P-109  Outlet Stream: S-140
Number of Units: 2
Function: Increase pressure to 51 psi.
Operation: Continuous
Type: Centrifugal
Design: Casing Material: SS 304  Inlet Pressure: 22 psi
Liquid Flow Rate: 717.2 gpm  Outlet Pressure: 51 psi
Fluid Head: 82 ft  Electricity: 11.3 kW
Pump Efficiency: 73.7%  Net Work Required: 15.2 Hp
Total Weight: 8,054 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$12,900.00 $42,570.00 0.92
Remarks: Second unit is spare.
PUMP
Identification: Equipment Pump  Inlet Stream: S-141
Equipment No. P-110  Outlet Stream: S-142
Number of Units: 2
Function: Pump from storage tank ST-102.
Operation: Continuous
Type: Centrifugal
Design: Casing Material: Carbon Steel  Inlet Pressure: 14.7 psi
Liquid Flow Rate: 717.4 gpm  Outlet Pressure: 191 psi
Fluid Head: 491.9 ft  Electricity: 67.9 kW
Pump Efficiency: 73.7%  Net Work Required: 91.1 Hp
Total Weight: 12,531 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$35,100.00 $115,830.00 5.54
Remarks: Second unit is spare.
PUMP
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Identification: Equipment Pump
Equipment No. P-111
Number of Units: 2
Function: Pump to storage tank ST-101.
Operation: Emergency
Type: Centrifugal
Design: Casing Material: Carbon Steel  Inlet Pressure: 22 psi
Liquid Flow Rate: 2,295.8 gpm  Outlet Pressure: 51.5 psi
Fluid Head: 288.18 ft  Electricity: 39.9 kW
Pump Efficiency: 70%  Net Work Required: 55.45 Hp
Total Weight: 9,832 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$45,400.00 $149,820.00 3.25
Remarks: Second unit is spare.
PUMP
Identification: Equipment Pump
Equipment No. P-112
Number of Units: 2
Function: Pump from storage tank ST-101.
Operation: Emergency
Type: Centrifugal
Design: Casing Material: Carbon Steel  Inlet Pressure: 14.7 psi
Liquid Flow Rate: 2,295.8 gpm  Outlet Pressure: 22 psi
Fluid Head: 129.13 ft  Electricity: 9.97 kW
Pump Efficiency: 70%  Net Work Required: 13.86 Hp
Total Weight: 4,142 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$45,400.00 $149,820.00 0.81
Remarks: Second unit is spare.
PUMP
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Identification: Equipment Pump  Inlet Stream: S-211
Equipment No. P-201  Outlet Stream: S-222
Number of Units: 2
Function: Increase pressure to 176 psi
Operation: Continuous
Type: Centrifugal
Design: Casing Material: Carbon Steel  Inlet Pressure: 132 psi
Liquid Flow Rate: 557 gpm  Outlet Pressure: 176 psi
Fluid Head: 420.8 ft  Electricity: 263.2 kW
Pump Efficiency: 84.7%  Net Work Required: 353 Hp
Total Weight: 11,134 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$26,900.00 $88,770.00 21.48
Remarks: Second unit is spare.
PUMP
Identification: Equipment Pump  Inlet Stream: S-221
Equipment No. P-202  Outlet Stream: S-213
Number of Units: 2
Function: Increase pressure to 36.7 psi.
Operation: Continuous
Type: Centrifugal
Design: Casing Material: Carbon Steel  Inlet Pressure: 14.7 psi
Liquid Flow Rate: 393.7 gpm  Outlet Pressure: 36.9 psi
Fluid Head: 51.1 ft  Electricity: 5.04 kW
Pump Efficiency: 68.1%  Net Work Required: 6.76 Hp
Total Weight: 6,298 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$6,900.00 $22,770.00 0.41
Remarks: Second unit is spare.
PUMP
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Identification: Equipment Pump  Inlet Stream: S-216
Equipment No. P-203  Outlet Stream: S-217
Number of Units: 2
Function: Increase pressure to 36.7 psi.
Operation: Continuous
Type: Centrifugal
Design: Casing Material: Carbon Steel  Inlet Pressure: 14.7 psi
Liquid Flow Rate: 1,968.7 gpm  Outlet Pressure: 36.9 psi
Fluid Head: 51.0 ft  Electricity: 21.2 kW
Pump Efficiency: 81%  Net Work Required: 28.4 Hp
Total Weight: 17,829 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$13,300.00 $43,890.00 1.73
Remarks: Second unit is spare.
PUMP
Identification: Equipment Pump  Inlet Stream: S-422
Equipment No. P-402  Outlet Stream: S-423
Number of Units: 2
Function: Increase pressure to 36.7 psi.
Operation: Continuous
Type: Centrifugal
Design: Casing Material: Carbon Steel  Inlet Pressure: 22 psi
Liquid Flow Rate: 3.21 gpm  Outlet Pressure: 36.9 psi
Fluid Head: 41.4 ft  Electricity: 0.06 kW
Pump Efficiency: 29.6%  Net Work Required: 0.08 Hp
Total Weight: 2,372 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$3,700.00 $12,210.00 0.01
Remarks: Second unit is spare.
PUMP
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Identification: Equipment Pump  Inlet Stream: S-418
Equipment No. P-403  Outlet Stream: S-419
Number of Units: 2
Function: Increase pressure to 36.7 psi
Operation: Continuous
Type: Centrifugal
Design: Casing Material: Carbon Steel  Inlet Pressure: 14.7 psi
Liquid Flow Rate: 2.13 gpm  Outlet Pressure: 36.9 psi
Fluid Head: 65.3 ft  Electricity: 0.07 kW
Pump Efficiency: 29.6%  Net Work Required: 0.08 Hp
Total Weight: 2,128 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$3,700.00 $12,210.00 0.01
Remarks: Second unit is spare.
PUMP
Identification: Equipment Pump  Inlet Stream: S-411
Equipment No. P-404  Outlet Stream: S-412
Number of Units: 2
Function: Increase pressure of cooling water to 44 psi.
Operation: Continuous
Type: Centrifugal
Design: Casing Material: Carbon Steel  Inlet Pressure: 14.7 psi
Liquid Flow Rate: 875 gpm  Outlet Pressure: 44 psi
Fluid Head: 68.1 ft  Electricity: 13.5 kW
Pump Efficiency: 75.3%  Net Work Required: 18.1 Hp
Total Weight: 10,785 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$10,900.00 $35,970.00 1.10
Remarks: Second unit is spare.
PUMP
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3.3.9 Reactor  
  
Identification: Equipment: Reactor  Inlet Stream: S-108, S-112
Equipment Code: R-101  Outlet Stream: S-113, S-114
Number of Units: 2
Function: Main Reaction:  Benzene + Hydrogen Peroxide → Phenol + Water
Secondary Reaction:  Hydrogen Peroxide → Water + Oxygen
Type: Isothermal Continuously-Stirred Tank Reactor
Design: Reactor Volume: 55,853 gal
Catalyst: Homogeneous Vanadyl Pyrophosphate
Diameter: 14 ft
Height: 48.5 ft
Construction Material: SS 304
Operating Pressure: 22 psi
Temperature: 140 F
Residence Time: 2.2 hours
Heat Duty: -40,472,300 Btu/hr
Total Weight: 333,793 lbs
Electricity:      59.66 kW
Net Work Required:      56 Hp
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$1,228,300.00 $5,109,728.00 1,199.93
Remarks: First reactor in a train of three reactors. Units are in parallel.
REACTOR
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Identification: Equipment: Reactor  Inlet Stream: S-116
Equipment Code: R-102  Outlet Stream: S-117, S-118
Number of Units: 2
Function: Main Reaction:  Benzene + Hydrogen Peroxide → Phenol + Water
Secondary Reaction:  Hydrogen Peroxide → Water + Oxygen
Type: Isothermal Continuously-Stirred Tank Reactor
Design: Reactor Volume: 50,864 gal
Catalyst: Homogeneous Vanadyl Pyrophosphate
Diameter: 13.5 ft
Height: 47.5 ft
Construction Material: SS 304
Operating Pressure: 22 psi
Temperature: 140 F
Residence Time: 2.2 hours
Heat Duty: -3,009,400 Btu/hr
Total Weight: 306,117 lbs
Electricity:      54.33 kW
Net Work Required:      51 Hp
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$1,144,000.00 $4,759,040.00 90.00
Remarks: Second reactor in a train of three reactors.  Units are in parallel.
REACTOR
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Identification: Equipment: Reactor  Inlet Stream: S-120
Equipment Code: R-103  Outlet Stream: S-121, S-122
Number of Units: 2
Function: Main Reaction:  Benzene + Hydrogen Peroxide → Phenol + Water
Secondary Reaction:  Hydrogen Peroxide → Water + Oxygen
Type: Isothermal Continuously-Stirred Tank Reactor
Design: Reactor Volume: 50,329 gal
Catalyst: Homogeneous Vanadyl Pyrophosphate
Diameter: 13.5 ft
Height: 47 ft
Construction Material: SS 304
Operating Pressure: 22 psi
Temperature: 140 F
Residence Time: 2.2 hours
Heat Duty: -1,108,960 Btu/hr
Total Weight: 300,854 lbs
Electricity:      54.33 kW
Net Work Required:      51 Hp
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$1,106,000.00 $4,600,960.00 35.61
Remarks: Third reactor in a train of three reactors.  Units are in parallel.
REACTOR
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3.3.10 Reflux Accumulator 
  
 
 
 
 
  
Identification: Equipment: Horizontal Vessel
Equipment Code: A-301
Number of Units: 1
Function: Reflux accumulator for distillation column D-301.
Design: Storage Volume: 3,913.1 gal
Diameter: 6 ft
Height: 18.5 ft
Shell Material: Carbon Steel
Operating Temperature: 278.3 F
Total Weight: 29,228 lbs
Cost: Purchase Cost: Bare Module Cost:
$33,200.00 $101,260.00
Remarks:
REFLUX ACCUMULATOR
Identification: Equipment: Horizontal Vessel
Equipment Code: A-401
Number of Units: 1
Function: Reflux accumulator for distillation column D-401.
Design: Storage Volume: 2,843.8 gal
Diameter: 5.5 ft
Height: 16 ft
Construction Material: Carbon Steel
Operating Temperature: 236.4 F
Total Weight: 22,440 lbs
Cost: Purchase Cost: Bare Module Cost:
$21,800.00 $66,490.00
Remarks:
REFLUX ACCUMULATOR
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3.3.11 Reflux Pump  
  
 
 
 
 
Identification: Equipment Pump
Equipment No. P-301
Number of Units: 2
Function: Reflux Pump for distillation column D-301.
Operation: Continuous
Type: Centrifugal
Design: Casing Material: Carbon Steel  Inlet Pressure: 14.7 psi
Liquid Flow Rate: 627.2 gpm  Outlet Pressure: 36.9 psi
Fluid Head: 32.9 ft  Electricity: 11.14 kW
Pump Efficiency: 70%  Net Work Required: 3.75 Hp
Total Weight: 10,351 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$10,700.00 $35,310.00 0.91
Remarks: Second unit is spare.
REFLUX PUMP
Identification: Equipment Pump
Equipment No. P-401
Number of Units: 2
Function: Reflux Pump for distillation column D-401.
Operation: Continuous
Type: Centrifugal
Design: Casing Material: Carbon Steel  Inlet Pressure: 14.7 psi
Liquid Flow Rate: 69.7 gpm  Outlet Pressure: 36.9 psi
Fluid Head: 3.76 ft  Electricity: 0.064 kW
Pump Efficiency: 70%  Net Work Required: 0.06 Hp
Total Weight: 3,643 lbs
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$5,300.00 $17,490.00 0.01
Remarks: Second unit is spare.
REFLUX PUMP
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3.3.12 Storage Tank 
   
 
 
 
 
Identification: Equipment: Storage Tank
Equipment Code: ST-101
Number of Units: 1
Function: Emergency and recycle storage.
Type: Cone Roof
Design: Storage Volume: 1,000,000 gal
Construction Material: Carbon Steel
Pressure: 14.7 psi
Maximum Accumulation Period: 7 hours
Heat Duty: 3.25 MMBtu/hr
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$305,000.00 $610,000.00 13.24
Remarks: Optional storage unit. Not continually used.
STORAGE TANK
Identification: Equipment: Storage Tank  Inlet Stream: S-140
Equipment Code: ST-102  Outlet Stream: S-141
Number of Units: 1
Function: Emergency storage in case of Section 100A/B shutdown.
Type: Cone Roof
Design: Storage Volume: 500,000 gal
Construction Material: Carbon Steel
Pressure: 14.7 psi
Maximum Accumulation Period: 8 hours
Heat Duty: 2 MMBtu/hr
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$214,000.00 $428,000.00 8.15
Remarks:
STORAGE TANK
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Identification: Equipment: Storage Tank  Inlet Stream: S-406
Equipment Code: ST-401
Number of Units: 2
Function: Phenol product storage.
Type: Cone Roof
Design: Storage Volume: 65,000 gal
Construction Material: Carbon Steel
Pressure: 14.7 psi
Maximum Accumulation Period: 8 hours
Heat Duty: 1.116 MMBtu/hr
Cost: Purchase Cost: Bare Module Cost: Utility (USD/hr):
$76,000.00 $152,000.00 4.55
Remarks: Two shift tanks in parallel
STORAGE TANK
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3.4 Utility Requirements and Energy Balance 
3.4.1 Heat Integration Strategy 
To reduce utilities in the process, an aggressive heat integration strategy was pursued. As 
was the case for unit DC-301, the organic phase effluent stream S-306 is utilized to 
precool the feed in unit HX-301 from 278 F to 183 F and lower the required chilled water 
utility. A similar strategy of preheating feed streams to distillation columns can be seen in 
the blocks HX-201, HX-202, and HX-203 where the heat from vapor streams that needed 
to be condensed was transferred to distillation column or flash vessel feeds. As a result of 
this strategy, reboiler ratios were lowered and thereby reduced the amount of steam and 
cooling water required to achieve the desired separations. It is important to note that a 
majority of the streams present in the plant are at high temperatures. This resulted in the 
frequent use of cooling water to achieve the desired stream properties. The required 
utilities for the process are listed in Table 8. 
3.4.2 Utilities 
Cooling Water 
This process requires the use of large quantities of cooling water.  The cooling water is 
purchased for 0.102 USD per 1,000 gallons from the chemical complex on-site.  The heat 
exchanger associated with the distillation tower D-301 is the primary consumer of 
cooling water in the process because of the large volume of material flowing through the 
column directly from the reactor section.  Furthermore, most of the exothermic chemical 
reactions take place in the first reactor.  Therefore, the first reactors in both series R-
101A and R-101B require a disproportionately large quantity of water to cool the reactors 
and maintain isothermal conditions at 140 F.  Additional units that require cooling water 
include the other reactors R-102A, R-102B, R-103A, and R-103B, and heat exchangers 
HX-202, HX-204, HX-302, and HX-403.  The total amount of cooling water utilized is 
4,609,141 pounds per hour, which costs 2,713.24 USD per hour. Cooling water is 
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assumed to be purchased at a temperature of 77 F and heated to a maximum temperature 
of 120 F. 
Chilled Water 
Compared to the amount of cooling water utilized, very little chilled water is needed in 
the process because only one unit, the decanter DC-301, requires lower cooling 
temperatures of 41 F, which is not achievable with cooling water.  Chilled water is 
simply cooling water that has been refrigerated to 40 F.  The purchase price of this utility 
is 0.236 USD per 1,000 pounds.  The decanter requires a mass flow rate of 661,320 
pounds per hour of chilled water, which costs 156.57 USD per hour.  
Natural Gas 
Natural gas is utilized to heat the furnace FR-501 to the required re-calcination 
temperature of 752 F.  The fuel is purchased from the chemical complex at a price of 
0.114 USD per pound.  The furnace uses a small flow rate of 4.8 pounds per hour, which 
costs 0.55 USD per hour.   
Steam 
Three different pressures of steam are required in this process.  The higher pressured 
steam at 400 psi costs 0.0117 USD per pound, whereas the lower pressured steam at 100 
psi costs 0.00814 USD per pound and at 50 psi costs 0.00408 USD per pound.  The 400 
psi steam is capable of providing more heat to the reboilers of the distillation columns.  
Both reboilers K-301 and K-401 use the high pressured steam and require a total mass 
flow rate of 189,600 pounds per hour, which costs 2,220.16 USD per hour.  The kettle 
reboiler K-402 only requires low pressure steam at a flow rate of 4,580 pounds per hour, 
costing 37.31 USD per hour. The 50 psi steam is used to maintain the temperatures of the 
storage vessels and prevent changes in the stream properties. 3,113 pounds per hour is 
required and costs 12.70 USD per hour. 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
89 
 
Electricity 
All of the pump motors, reactor motors, and compressors in the process run on electric 
power.  Each pump has different power requirements based on the flow rate and pressure 
increase desired.  1512.84 kW of electricity is required and costs 123.45 USD per hour.  
As expected, the compressors require much higher power inputs. It is assumed that 1000 
gallons require 1 horsepower to be mixed.    
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Table 8: Process utility requirements and associated costs. Highlighted rows indicate emergency  
streams that are not included in the economic analysis. Costs provided in 2012 USD.
Cooling Water Flow (lb/hr) Cost(USD/hr) Electricity kW Cost(USD/hr)
R-101A 1406001.00 $1,195.06 P-101 2.06 $0.17
R-101B 1406001.00 $1,195.06 P-102 0.00 $0.00
R-102A 100673.25 $85.57 P-103 0.76 $0.06
R-102B 100673.25 $85.57 P-104 3.19 $0.26
R-103A 36677.58 $31.18 P-105 3.14 $0.26
R-103B 36677.58 $31.18 P-106 0.76 $0.06
D-301-cond 47046.23 $47.14 P-107 3.19 $0.26
D-401-cond 5866.71 $5.88 P-108 3.14 $0.26
S-216 893630.12 $10.95 P-109 11.32 $0.92
S-221 178726.02 $2.19 P-110 67.93 $5.54
S-411 397168.94 $4.87 P-111 39.86 $3.25
Total 4609141.69 $2,713.74 P-112 9.97 $0.81
Chilled Water Flow (lb/hr) Cost(USD/hr) P-201 263.21 $21.48
DC-301 661320.00 $156.57 P-202 5.04 $0.41
P-203 21.19 $1.73
50 psi Steam Flow (lb/hr) Cost(USD/hr) P-402 0.06 $0.01
ST-101 3244.25 $13.24 P-403 0.06 $0.01
ST-102 1998.24 $8.15 P-404 13.51 $1.10
ST-401 1115.00 $4.55 C-201 429.88 $35.08
Total 3113.24 $12.70 C-401 336.30 $27.44
100 psi Steam Flow (lb/hr) Cost(USD/hr) C-501 0.25 $0.02
D-402-reb 4583.076 $37.31 P-301 11.14 $0.91
400 psi Steam Flow (lb/hr) Cost(USD/hr) P-401 0.06 $0.01
D-301-reb 133109.18 $1,558.71 R-101A 59.66 $4.87
D-401-reb 56486.10 $661.45 R-101B 59.66 $4.87
Total 189595.28 $2,220.16 R-102A 54.33 $4.43
R-102B 54.33 $4.43
R-103A 54.33 $4.43
Natural Gas Flow (lb/hr) Cost(USD/hr) R-103B 54.33 $4.43
FR-501A1 4.80 $0.55 Total 1512.84 $123.45
Table 8: Utility Requirements and Costs
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4 Important Considerations 
4.1 Environmental Issues 
Flares are included in the process design to prevent trace amounts of organic compounds 
from being released into the environment. Gas effluent from each reactor is combined, 
purified, and sent to a flare in stream S-206 to eliminate the organic compounds that are 
still present after condensation occurs. Stream S-505 containing the nitrogen vapor 
effluent from the re-calcination furnace is also flared. The ignition sources are to be 
located upwind of potential leak sources to minimize the chance of explosion. A 
controlled feed of methane has been included to ensure that flammability limits are 
avoided. These flares and the controlled methane feed are part of the greater chemical 
complex and as a result, are not included in the costing and economic analysis for this 
process. 
Similarly, liquid waste stream S-410 is sent to the on site waste treatment facility to 
eliminate the organic species that cannot be released directly into the environment. 
4.2 Health and Safety 
Process safety considerations must be made for any chemical process that utilizes 
temperature and pressure to create new products from chemicals because of the 
possibility of explosions and the release of flammable or toxic chemicals. A process 
safety management program should be implemented because of the presence of toxic and 
carcinogenic materials in this process. This program should include the control of process 
quality and deviations within the process, as well as management of information to allow 
easy access to operating procedures, emergency response procedures, standards and 
regulations, safe work practices, and employee training information. 
4.2.1 Process Safety Documentation  
The process safety information should include chemical hazard documentation and 
information on each of the critical pieces of equipment with safe flammability, pressure, 
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temperature, and material flow ranges. Workers in this process should be instructed in the 
methods of safely handling each of the chemicals involved. They should also have access 
to documentation on initial startup, normal startup, and emergency operations. A hazard 
analysis should be conducted to determine the extent to which a process hazard could 
spread, the number of workers who would potentially be affected, and the control and 
detection methods that could be implemented to prevent the hazard. Following this, 
appropriate safe-work practices must be implemented to ensure the safety of workers on 
the process, including employee training and safety and protection systems in the event of 
exposure to hazardous chemicals and controls to prevent exposure.  
The process layout must include access for emergency and maintenance vehicles in the 
event of an emergency. Furthermore, space must be available around each individual unit 
for repair and accessibility. A central control room must be implemented to control the 
process units in each section. The room should have positive pressure to prevent toxins 
from entering, and should be located in a region that minimizes the risk of hazard to 
employees.  Storage tanks should be classified as above-ground storage tankage, 
separated from the process units, and located downwind to minimize the likelihood of 
ignition in the event of a leak. They should also include dykes to prevent issues in the 
event of a leak. Tank inspection and cleaning protocols should be implemented to prevent 
worker exposure to toxic chemicals.  
4.2.2 Acetonitrile 
Acetonitrile is a skin and eye irritant. It is toxic to the blood, kidneys, lungs, liver, 
mucous membranes, gastrointestinal tract, skin, eyes, and central nervous system, with 
organ damage resulting from repeated exposure. Large leaks should be absorbed with dry 
earth, sand or other non-combustible material. Exhaust ventilation should be included to 
diminish airborne concentrations of acetonitrile vapor. Personal protection equipment 
includes splash goggles, lab coat, gloves, and vapor respirator.  
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4.2.3 Benzene 
Benzene is very hazardous in the event of inhalation, and is a skin and eye irritant. In the 
event of a large spill, benzene should be kept away from heat and other sources of 
ignition, and should be absorbed with dry earth sand or another non-combustible 
material. Exhaust ventilation should be included along with other engineering controls to 
reduce the airborne concentration of benzene vapor. Personal protection equipment 
includes splash goggles, lab coats, and gloves.  Safety considerations are important when 
dealing with benzene because it is confirmed to have carcinogenic effects in humans.  
4.2.4 Hydrogen Peroxide 
Hydrogen peroxide is a skin and eye irritant, and is corrosive in the event of contact with 
the skin or eyes. Liquid or spray inhalation can cause tissue damage to the mouth and 
respiratory tract. Hydrogen peroxide is a strong oxidizer, and can cause combustion of 
flammable materials and sustain fires through decomposition to oxygen. Large leaks 
should be absorbed with dry earth, sand or other non-combustible material. Exhaust 
ventilation should be provided to keep airborne hydrogen peroxide vapor concentrations 
below their threshold minimum. Personal protection equipment includes face shield, 
vapor respirator, gloves, boots, and full suit. 
4.2.5 Phenol 
Phenol is hazardous in the event of contact or inhalation. It is a skin and eye irritant, thus 
workers must be trained on the safety procedures for dealing with phenol along with 
emergency protocols for dealing with accidental releases of any toxic compounds.  
Severe over-exposure can lead to lung damage, kidney damage, and damage to the 
central nervous system. Personal protection equipment includes splash goggles, a 
synthetic apron, vapor and dust respirators, and gloves. A self-contained breathing 
apparatus should be utilized to prevent inhalation in the event of a large spill. 
Engineering controls such as local exhaust ventilation should be implemented to keep 
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airborne levels below recommended exposure limits. Eco-toxicity limits indicate that 
phenol should not be released directly into the environment.  
4.2.6 Flammability Limits 
The flammability limits of benzene in oxygen are 1.2 percent to 11.5 percent by volume. 
All of the effluent vapor streams contain large enough quantities of benzene to be over 
the upper flammability limit. Given that the assumptions concerning hydrogen peroxide 
decomposition might be lower than the actual decomposition rate, it is possible that more 
oxygen would be produced than the amount predicted. In this event the benzene 
concentration would decrease and approach the upper range of the flammability limit. To 
prevent this, a controlled natural gas feed into the vapor effluents to ensure fuel-rich 
operation and flaring.   
4.3 Startup 
Prior to startup, a review should be conducted to ensure safe operation. The process units 
should be inspected to verify that they are constructed according to design criteria. 
Process control systems should be inspected and tested prior to operation, along with 
relief valves and safety devices. All recommendations in the hazard analysis should be 
fulfilled prior to plant operation. To ensure the proper functioning and preparation all 
process units, acetonitrile and inert vapors should initially be fed through the system 
before building up the concentrations of the reactants. 
Methane should be pumped through the streams that collect vapor from the reactors to 
ensure that the process begins fuel-rich and does not pass through the region of 
flammability when building up to steady-state.  As the system approaches steady state, 
the control system should decrease the amount of methane being pumped to the amount 
required to maintain a fuel-rich stream. 
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4.4 Transportation  
The hydrogen peroxide and benzene will come from a pipeline already existing within 
the chemical complex. However, the acetonitrile must be transported to the site by railcar, 
which is assumed to have a capacity of 30,000 gallons per car. One railcar per ten days 
will be leased to supply the 2,900 gallons of acetonitrile per day to make up for the small 
losses of the solvent in the process separations in S-410, S-406, S-505, and S-206. The 
acetonitrile will be directly fed from the vehicle into the process in stream S-418. 
Additionally, the phenol product will be shipped to off-site customers through a railway 
system. If the phenol is not being used by another process in the same chemical complex, 
the product must be placed into railcars for shipment. Approximately six and a half rail 
cars will be filled every day with a flow of approximately 195,000 gallons per day in 
stream S-406. In the case of on site customers, a direct feed will be attached to the 
process thereby circumventing transportation and delivery costs. The phenol product will 
be made available from two eight hour capacity shift tanks, ST-401A/B, at the end of the 
process allowing for product quality control. 
4.5 Storage 
In order to help isolate the separations section from problems or shutdowns in the reactor 
section of the process, a storage tank, ST-102, will be installed. This tank will hold 
twelve hours worth of reactor effluent and have a volume of 500,000 gallons. To ensure 
that the tank is always full, the streams will continuously flow through the tank. The tank 
will be maintained at 140 F to allow for effective separations processes. A second storage 
tank, ST-101, will also be installed to hold the recycle stream contents and any 
emergency flows for up to seven hours in case of an emergency or shutdown. However, 
under normal operating conditions, this tank will be bypassed and will remain empty.  
This tank will have a volume of 1 million gallons. A third and fourth storage tank, ST-
401A/B, follows stream S-406 to collect up to eight hours worth of phenol product. 
Railcars and other export methods will be fed from these shift storage tanks each with a 
volume of 65,000 gallons. The tanks will be maintained at 113 F to prevent the phenol 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
96 
 
from solidifying in the tank. The necessary utilities have been calculated and previously 
described. Pumps associated with these storage tanks have been included in cost 
calculations and economic analyses. The unit specification sheets in Chapter 3.3.12 
further define the properties of these storage tanks. 
4.6 Maintenance and Emergency Procedures 
Measures have been taken to ensure that Process Section 100A&B, which oxidizes the 
benzene to phenol, continues operation in the event that a single reactor unit malfunctions 
or requires maintenance. The most likely sources of malfunction would be failures in the 
motor stirring unit or leaks in the vessel. The reactor units are designed with bypass 
pipes. If a single unit fails, the stream will bypass this unit, and control valves will be 
designed to augment the residence time in the remaining two reactor vessels to ensure the 
proper conversion is reached. In the unlikely event that two units fail in the same stream, 
the flow will be diverted entirely to the other series of reactors. This will permit the plant 
to continue running at half-capacity while the faulty reactor train is being repaired. 
Furthermore, hydrogen peroxide bypass feeds are also installed such that the feed can be 
shifted into the second reactor in the series in the even that one of the first reactors is shut 
down. Process Sections 200, 300, 400, or 500 will continue as normal. 
In the event of a separations unit requiring maintenance or malfunction, the columns will 
be transitioned into total reflux. Reactor effluents will be able to flow into the 
intermediate storage tank ST-102 to accumulate for up to twelve hours before requiring 
shut down. Sumps available at the base of the columns hold all of the liquid present in the 
column in case of process shut down. Should any of the distillation columns DC-301, 
DC-401, and DC-402 require maintenance or repair, the entire separations will require 
shutdown. 
In the event of a major malfunction requiring repair for more than twelve hours in 
Process Sections 200, 300, 400, or 500, or the shut down of more than three of the 
reactors in Process Section 100A&B, the entire process will be shut down and require 
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repair. To account for this, the simulation has assumed that the process will be 
completely functional at full capacity for only 330 days of a 365 day year.  
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5 Economic Analysis 
The outlined process design produces 500 million pounds of phenol per year at an 
estimated 0.80 USD per pound for total annual sales of 400 million USD. However, this 
process utilizes the relatively expensive commodity of hydrogen peroxide at 0.50 USD 
per pound to make phenol. As discussed in Chapter 2.3, using the kinetics and ratios 
specified in the patent by Arunabha et al. (1) makes this process unprofitable solely on 
raw material costs. Particularly, the 3.5:1 hydrogen peroxide to benzene ratio contributed 
to a cost of 1.53 USD per pound of phenol produced, considering only benzene and 
hydrogen peroxide. This net loss of 0.73 USD per pound of phenol meant that no further 
analysis was required under the patent conditions.  
However, when the kinetics assumptions are employed, this process becomes more 
attractive to an investor as presented in Table 9. The assumptions include increasing the 
rate constant by an order of magnitude, decreasing the degradation rate of hydrogen 
peroxide, minimizing the 
required amount of 
acetonitrile to maintain a 
single phase mixture, and 
solubilizing the catalyst in 
minimal acetonitrile. As a 
result, the raw material costs 
drop to 0.62 USD per pound 
of phenol produced, considering all raw materials. It is important to note that all of these 
assumptions must be experimentally verified prior to any decisions concerning the 
construction of the plant are made. For the rest of the economic analysis, all numbers 
refer to the assumptions based model in 2012 USD. All utility costs outlined in Seider et 
al. (49) were multiplied by a CE Index ratio of 680 over 500 to account for inflation from 
2006 to 2012.  
Overall (million USD) USD per pound Phenol
Net Sales 400.00 0.80
Benzene and Hydrogen 
Peroxide Costs 765.00 1.53
Net Income (365.00) (0.73)
Overall (million USD) USD per pound Phenol
Net Sales 400.00 0.80
Total Raw Material 
Costs 310.00 0.62
Net Income 90.00 0.18
Original Kinetics
Optimized Kinetics
Table 9: Cost Analysis of Assumptions
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Importantly, annual net earnings are projected to be 1.27 million USD at full capacity. 
Utilizing DuPont’s typical cost of capital of 9 percent, the net present value is calculated 
to be -20.53 million USD with the internal rate of return at 4.98 percent. The return on 
investment is calculated at 1.48 percent. No matter which project value method is used it 
is evident that this project is not worth pursuing under these conditions. The net present 
value is negative, the internal rate of return is below the discount rate and the return on 
investment is very small. We believe that while using the stated assumptions this is the 
best process possible. As a result, clearly even more optimistic conditions must be 
obtained in order to make this a worthwhile investment.  
In comparison to the raw materials, the remaining variable costs are minimal.  The 
general expenses are the next largest expenditure, at 46.27 million USD out of the 376.64 
million USD of variable costs as presented in Table 10. This category is difficult to 
optimize because it consists of research, administration, and management incentives. 
However, utilities are the next 
largest category and can be 
substantially optimized. 
Throughout the separations 
process a significant amount of cooling water, chilled water, and steam is required to 
achieve a high purity of phenol as a final product. In total, the utilities cost 0.041 USD 
per pound of phenol produced. Many steps were taken to minimize the utility expenses of 
the separation processes. In particular, heat integration was implemented to capture the 
energy within the process streams in three heat exchangers throughout the process.  
Capital expenditures for this industrial plant are 
significant, as presented in Table 11.  The total 
permanent investment is 67.79 million USD, with 
44.6 million USD in bare module costs for 
primary equipment and spares. It is important to 
note that equipment in Process Section 100A&B 
is made with stainless steel to slow the rate of degradation of hydrogen peroxide in the 
USD per pound Phenol USD (millions per year)
Raw Materials 0.619 309.74                     
Utilities 0.041 20.63                      
General Expenses 0.089 46.27                      
Total 0.749 376.64                     
Table 10: Variable Cost Breakdown
USD (millions)
Bare Module Costs 44.6
Direct Permanent Investment 51.29
Total Depreciable Capital 60.52
Total Permanent Investment 67.8
Working Capital 13.06            
Total Capital Investment 80.86            
Table 11: Investment Summary
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process. Thus, the price premium for the stainless steel is justified. However, after these 
sections, the hydrogen peroxide is assumed to have completely reacted and as a result, the 
equipment is made from carbon steel.  
Several sensitivity analyses have been illustrated in the spreadsheets provided by Seider 
at al. (49) in Chapter 8.5.1. However, the graphs shown below illustrate the key 
considerations for the presented commodity based process, the price of the reactants and 
products. With all other inputs constant, the price of phenol would have to rise by 1.5 
percent to make this process profitable as defined by a net present value of zero or below. 
This analysis is presented below in Figure 9. Figures 10, 11 and 12 represent the same 
analysis on the costs of the inputs, namely benzene, hydrogen peroxide and acetonitrile. It 
is evident that the price of phenol is the most important consideration as it requires only a 
1.5 percent rise in value to hit the break-even point followed by a decrease in the price of 
benzene by 3.13 percent and hydrogen peroxide by 3.5 percent. The economic viability of 
the project is not noticeably dependent on the price of the acetonitrile because of the 
smaller amounts being used.  
The last economic issue to tackle is the sensitivity of the profits to the assumptions and 
ask at what stage do the kinetics and reaction ratios break even. However, this is subject 
heavily to the capabilities and innovation of the research and development department 
and whether a catalyst of improved kinetics can be designed. Nevertheless, it is clear that 
with the assumptions this is not a profitable project. 
The economic viability of the process was evaluated utilizing the method outlined by 
Seider et al. (49) and the associated spreadsheets. ASPENOne Icarus was utilized to size 
and cost the equipment. Most of the raw material costs and the product prices were 
specified in the problem statement and the remaining cost estimates were determined and 
validated by industrial consultants and faculty advisors. 
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      Figure 9: Net Present Value Sensitivity to the price of phenol with a break  
      even point of 0.812 USD per pound 
 
 
 
 
      Figure 10: Net Present Value Sensitivity to the price of benzene with a break  
      even point of 0.3875 USD per pound 
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       Figure 11: Net Present Value Sensitivity sensitivity to the price of hydrogen  
       peroxide with a break even point of 0.4825 per pound USD 
 
 
 
 
       Figure 12: Net Present Value Sensitivity sensitivity to the price of acetonitrile 
           No noticeable effect is detected on the Net Present Value by changes in the price
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6 Conclusions and Recommendations 
The economic viability for this process was evaluated using ASPENOne Icarus to 
estimate equipment sizes and costs, along with correlations presented in Seider et al. (49). 
Basing a chemical plant on the reaction presented in the patent by Arunabha et al. (1) is a 
promising development because of the 100 percent selectivity of the reaction to phenol 
established by the homogeneous vanadyl pyrophosphate catalyst. The major drawback of 
homogeneously catalyzed reactions such as this on is separating the soluble catalyst for 
recycling and regeneration, which balances the complete selectivity to phenol in this case.  
Based on the analysis presented in this report, we conclude that this direct route to phenol 
from benzene is not economically viable based on the current activity of the homogenous 
catalyst and the difficulties involved in separating the catalyst. The design presented is a 
best case scenario with several assumptions made regarding catalyst activity and 
hydrogen peroxide degradation. Further bench scale work is required to increase the rate 
constant of the catalyst by more than an order of magnitude, while maintaining 100 
percent selectivity to phenol. This will allow for the development of a process design as 
presented with the appropriate reactions and separations. Only then will the process be 
potentially economically viable as indicated by the calculations in this report.  
The best case scenario meets the design criteria of producing 500 million pounds per year 
of phenol. The separations section successfully isolates the phenol product to a purity of 
99 percent. The return on investment in this process is 1.48 percent, with an internal rate 
of return of 4.98 percent and net present value of -20.53 million USD. As discussed in the 
economic analysis, due to the negative NPV, the IRR below the discount rate and the 
very small ROI this process is not worth pursuing  
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9 Appendices  
9.1 Problem Statement 
Direct Route to Phenol From Benzene (recommended by Bruce M. Vrana, DuPont) 
Phenol is a major chemical intermediate utilized in a variety of other products. Phenolic 
resins are utilized in a wide range of products, including printed circuit boards. Phenol is 
a raw material to make polycarbonate, utilized in CD and DVD discs. Phenol can be 
converted to caprolactam and ultimately nylon-6, or to adipic acid and ultimately nylon-
6,6, utilized for fibers and engineering polymers. There are a wide variety of other 
applications for this versatile intermediate. 
Phenol is conventionally made from cumene using the following chemistry: 
 
This route has several drawbacks. Growth in demand for propylene has exceeded the 
growth in supply, driving propylene prices higher. Also, one mole of acetone is made per 
mole of phenol. The acetone must be sold at a reasonable price to have favorable 
economics on making the phenol. Although acetone has numerous utilizes, phenol 
producers often have difficulty selling the byproduct at an attractive price. Effectively, 
this process converts high-value propylene into low-value acetone. In fact, although you 
could sell more phenol, your company has decided not to expand phenol capacity when 
acetone is produced as a co-product. 
A team of chemists at the Council of Scientific and Industrial Research (CSIR) in New 
Delhi has recently patented a direct process from benzene to phenol, using hydrogen 
peroxide, a chemical which your company also makes in large quantity. While other 
companies have patented similar chemistry, they have all been plagued by yield loss to 
over-oxidized byproducts, which have no end utilize. The team in India has measured 
53% benzene conversion and 100% selectivity to phenol. 
Your company is considering licensing this technology. Your team has been assembled to 
determine whether the process will be economical before engaging in any discussions 
with CSIR. Because these negotiations can be sensitive, your management has forbidden 
any form of contact with anyone at CSIR during your design. You may utilize only 
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information that you can find in the public domain, in the patent, on the Internet, etc. The 
objective is to obtain a license at the lowest possible price, so you don't want to tip off 
your company’s interest in the process until your engineering analysis is complete. 
Design a process to make 500MM lb/yr of phenol from benzene at your plant complex on 
the U.S. Gulf Coast. Benzene is available on site for $0.40/lb. Hydrogen peroxide is also 
available on your site for $0.30/lb. Phenol is worth $0.80/lb to your company. All prices 
are forecasts by your marketing organization for long-term average prices, expressed in 
2012 dollars. 
You will have to make many assumptions to complete your design, since the data you 
have is far from complete. State them explicitly in your report, so that management may 
understand the uncertainty in your design and economic projections before approaching 
CSIR to discuss a license. Test your economics to reasonable ranges of your assumptions. 
If there are any possible “show-stoppers” (i.e., possible fatal flaws, if one assumption is 
incorrect that would make the design either technically infeasible or uneconomical), these 
need to be clearly communicated and understood before proceeding. 
The plant design should be as environmentally friendly as possible. Recover and recycle 
process materials to the maximum economic extent. Also, energy consumption should be 
minimized, to the extent economically justified. The plant design must also be 
controllable and safe to operate. Remember that, if the negotiations are successful, you 
will be there for the plant start-up and will have to live with whatever design decisions 
you have made. 
Reference: U. S. Patent 7,586,014, September 8, 2009, assigned to Council of Scientific 
and Industrial Research 
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ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/31/2012  PAGE 1    
                                                                                                                                                               
                              RUN CONTROL SECTION                                
 RUN CONTROL INFORMATION                  
 ----------------------- 
 THIS COPY OF ASPEN PLUS LICENSED TO UNIVERSITY OF PENNSYLVAN         
 TYPE OF RUN: NEW  
 INPUT FILE NAME: _1608wqs.inm 
 OUTPUT PROBLEM DATA FILE NAME: _1608wqs  
 LOCATED IN:                     
 
 PDF SIZE USED FOR INPUT TRANSLATION: 
   NUMBER OF FILE RECORDS (PSIZE) =     0 
   NUMBER OF IN-CORE RECORDS      =   256 
 PSIZE NEEDED FOR SIMULATION    =   256 
 CALLING PROGRAM NAME:          apmain   
 LOCATED IN:                    C:\PROGRA~2\ASPENT~1\ASPENP~2.3\Engine\xeq 
 SIMULATION REQUESTED FOR ENTIRE FLOWSHEET 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/31/2012  PAGE 2    
                                                                                 
                               FLOWSHEET SECTION                                 
 FLOWSHEET CONNECTIVITY BY STREAMS        
 --------------------------------- 
   STREAM     SOURCE     DEST           STREAM     SOURCE     DEST 
   S-138B     ----       M-101          S-418      ----       P-403    
   S-101      ----       P-101          S-104      ----       P-102    
   S-110      ----       P-103          S-501      ----       C-501    
   S-123      ----       P-106          S-221      ----       P-202    
   S-411      ----       P-404          S-216      ----       P-203    
   S-107      M-101      SP-101         INT2       R-101A2    V-104    
   S-121      V-108      M-103          S-122      V-108      M-102    
   INT4       R-102A2    V-106          INT6       R-103A2    V-108    
   S-113      V-104      M-103          S-114      V-104      P-104    
   S-117      V-106      M-103          S-118      V-106      P-105    
   S-419      P-403      V-406          S-102      P-101      V-101    
   S-105      P-102      V-102          S-111      P-103      V-103    
   S-116      V-105      R-102A1        S-115      P-104      V-105    
   S-119      P-105      V-107          S-120      V-107      R-103A1  
   S-142      P-110      V-201          S-207      V-201      M-106    
   S-112      V-103      R-101A1        S-420      V-406      M-105    
   S-106      V-102      M-101          S-103      V-101      M-101    
   INT1       R-101A1    R-101A2        INT3       R-102A1    R-102A2  
   INT5       R-103A1    R-103A2        S-202      HX-201     V-202    
   S-212      HX-201     V-409          S-308      V-302      DC-301   
   S-401      V-405      M-107          S-201      C-201      HX-201   
   S-203      V-202      M-104          S-302      V-301      D-401    
   S-407      V-409      D-402          S-306      V-303      HX-301   
   S-211      V-204      P-201          S-402      D-401      HX-203   
   S-403      D-401      V-401          S-416      D-402      C-401    
   S-408      D-402      V-411          S-309      DC-301     HX-201   
   S-305      DC-301     V-303          S-405      F-401      HX-402   
   S-425      F-401      SP-102         S-404      V-401      F-401    
   S-417      C-401      V-405          S-503      V-501      FR-501A1 
   S-502      C-501      V-501          INT13      FR-501A1   FR-501A2 
   S-424      SP-102     FR-501A1       S-421      SP-102     M-105    
   S-505      FR-501A2   ----           S-504      FR-501A2   ----     
   S-423      P-402      V-407          S-137      V-407      M-101    
   S-409      V-411      HX-401         S-311      V-304      M-107    
   S-222      P-201      M-106          S-220      HX-203     HX-204   
   S-209      HX-203     D-301          S-307      HX-301     V-302    
   S-303      HX-301     P-201          INT8       R-101B2    V-110    
   S-108      SP-101     R-101A1        S-109      SP-101     R-101B1  
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   INT7       R-101B1    R-101B2        S-125      V-109      R-101B1  
   S-124      P-106      V-109          S-126      V-110      M-103    
   S-127      V-110      P-107          S-128      P-107      V-111    
   S-129      V-111      R-102B1        INT9       R-102B1    R-102B2  
   INT10      R-102B2    V-112          S-130      V-112      M-103    
   S-131      V-112      P-108          S-132      P-108      V-113    
   S-133      V-113      R-103B1        INT11      R-103B1    R-103B2  
   INT12      R-103B2    V-114          S-134      V-114      M-103    
   S-135      V-114      M-102          S-136      M-102      P-109    
   S-139      M-103      C-201          S-422      M-105      P-402    
   S-204      M-104      F-201          S-223      HX-202     M-104    
   S-215      HX-202     ----           S-213      P-202      V-203    
   S-214      V-203      HX-202         S-206      F-201      ----     
   S-210      F-201      V-204          S-406      HX-402     ----     
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 FLOWSHEET CONNECTIVITY BY STREAMS (CONTINUED)        
   S-415      HX-402     ----           S-410      HX-401     ----     
   S-414      HX-401     HX-402         S-413      V-408      HX-401   
   S-412      P-404      V-408          S-138      HX-204     ----     
   S-219      HX-204     ----           S-217      P-203      V-205    
   S-218      V-205      HX-204         S-310      D-301      V-304    
   S-304      D-301      HX-301         S-301      D-301      V-301    
   S-140      P-109      ST-102         S-141      ST-102     P-110    
   S-208      M-106      HX-203         S-205      M-107      HX-202   
 FLOWSHEET CONNECTIVITY BY BLOCKS         
 -------------------------------- 
   BLOCK        INLETS                         OUTLETS 
   M-101        S-103 S-106 S-137 S-138B       S-107                        
   R-101A2      INT1                           INT2                         
   V-108        INT6                           S-121 S-122                  
   R-102A2      INT3                           INT4                         
   R-103A2      INT5                           INT6                         
   V-104        INT2                           S-113 S-114                  
   V-106        INT4                           S-117 S-118                  
   P-403        S-418                          S-419                        
   P-101        S-101                          S-102                        
   P-102        S-104                          S-105                        
   P-103        S-110                          S-111                        
   V-105        S-115                          S-116                        
   P-104        S-114                          S-115                        
   P-105        S-118                          S-119                        
   V-107        S-119                          S-120                        
   P-110        S-141                          S-142                        
   V-201        S-142                          S-207                        
   V-103        S-111                          S-112                        
   V-406        S-419                          S-420                        
   V-102        S-105                          S-106                        
   V-101        S-102                          S-103                        
   R-101A1      S-112 S-108                    INT1                         
   R-102A1      S-116                          INT3                         
   R-103A1      S-120                          INT5                         
   HX-201       S-201 S-309                    S-202 S-212                  
   V-302        S-307                          S-308                        
   V-405        S-417                          S-401                        
   C-201        S-139                          S-201                        
   V-202        S-202                          S-203                        
   V-301        S-301                          S-302                        
   V-409        S-212                          S-407                        
   V-303        S-305                          S-306                        
   V-204        S-210                          S-211                        
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   D-401        S-302                          S-402 S-403                  
   D-402        S-407                          S-416 S-408                  
   DC-301       S-308                          S-309 S-305                  
   F-401        S-404                          S-405 S-425                  
   V-401        S-403                          S-404                        
   C-401        S-416                          S-417                        
   V-501        S-502                          S-503                        
   C-501        S-501                          S-502                        
   FR-501A1     S-424 S-503                    INT13                        
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 FLOWSHEET CONNECTIVITY BY BLOCKS (CONTINUED)         
   SP-102       S-425                          S-424 S-421                  
   FR-501A2     INT13                          S-505 S-504                  
   P-402        S-422                          S-423                        
   V-407        S-423                          S-137                        
   V-411        S-408                          S-409                        
   V-304        S-310                          S-311                        
   P-201        S-211 S-303                    S-222                        
   HX-203       S-402 S-208                    S-220 S-209                  
   HX-301       S-304 S-306                    S-307 S-303                  
   R-101B2      INT7                           INT8                         
   SP-101       S-107                          S-108 S-109                  
   R-101B1      S-109 S-125                    INT7                         
   V-109        S-124                          S-125                        
   P-106        S-123                          S-124                        
   V-110        INT8                           S-126 S-127                  
   P-107        S-127                          S-128                        
   V-111        S-128                          S-129                        
   R-102B1      S-129                          INT9                         
   R-102B2      INT9                           INT10                        
   V-112        INT10                          S-130 S-131                  
   P-108        S-131                          S-132                        
   V-113        S-132                          S-133                        
   R-103B1      S-133                          INT11                        
   R-103B2      INT11                          INT12                        
   V-114        INT12                          S-134 S-135                  
   M-102        S-122 S-135                    S-136                        
   M-103        S-134 S-121 S-117 S-130        S-139                        
                S-126 S-113                                                 
   M-105        S-421 S-420                    S-422                        
   M-104        S-203 S-223                    S-204                        
   HX-202       S-205 S-214                    S-223 S-215                  
   P-202        S-221                          S-213                        
   V-203        S-213                          S-214                        
   F-201        S-204                          S-206 S-210                  
   HX-402       S-405 S-414                    S-406 S-415                  
   HX-401       S-409 S-413                    S-410 S-414                  
   V-408        S-412                          S-413                        
   P-404        S-411                          S-412                        
   HX-204       S-220 S-218                    S-138 S-219                  
   P-203        S-216                          S-217                        
   V-205        S-217                          S-218                        
   D-301        S-209                          S-310 S-304 S-301            
   P-109        S-136                          S-140                        
   ST-102       S-140                          S-141                        
   M-106        S-207 S-222                    S-208                        
   M-107        S-311 S-401                    S-205                        
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 CONVERGENCE STATUS SUMMARY               
 -------------------------- 
   DESIGN-SPEC SUMMARY 
   =================== 
 
   DESIGN                                                            CONV 
   SPEC      ERROR        TOLERANCE    ERR/TOL      VARIABLE   STAT  BLOCK 
   ------    -----        ---------    -------      --------   ----  ----- 
   DS-1     -0.14766E-06  0.10000E-02 -0.14766E-03  0.13366     #    $OLVER02 
   DS-2      0.10927E-04  0.10000E-03  0.10927       18.429     #    $OLVER03 
   DS-3      0.26217E-07  0.10000E-02  0.26217E-04   672.57     #    $OLVER04 
   TEAR STREAM SUMMARY 
   =================== 
 
   STREAM    MAXIMUM                   MAXIMUM     VARIABLE             CONV 
   ID        ERROR        TOLERANCE    ERR/TOL     ID             STAT  BLOCK 
   ------    -------      ---------    --------    --------       ----  ----- 
   S-305     0.66002E-08  0.14161E-07  0.46608     MASS ENTHALPY    #   
$OLVER01                                                                                  
   S-209     0.14044E-05  0.14575E-05  0.96353     BENZENE MOLEFLOW #   
$OLVER01                                                                                  
   #  = CONVERGED 
   *  = NOT CONVERGED 
   LB = AT LOWER BOUNDS 
   UB = AT UPPER BOUNDS 
 DESIGN-SPEC:  DS-1                       
 ------------------ 
   SAMPLED VARIABLES: 
     CATA     : ZINC--01MOLEFLOW IN STREAM S-107 SUBSTREAM MIXED     
   SPECIFICATION: 
     MAKE CATA APPROACH 0.18125   
     WITHIN          0.00100000                                
   MANIPULATED VARIABLES: 
     VARY     : TOTAL MOLEFLOW IN STREAM S-104 SUBSTREAM MIXED   
     LOWER LIMIT =           0.0                      LBMOL/HR         
     UPPER LIMIT =       1,102.31                     LBMOL/HR         
     FINAL VALUE =           0.13366                  LBMOL/HR         
   VALUES OF ACCESSED FORTRAN VARIABLES: 
     VARIABLE      VALUE AT START      FINAL VALUE     UNITS 
                      OF LOOP                                
     --------      --------------      -----------     ----- 
     CATA           0.181249           0.181249        KMOL/HR          
 DESIGN-SPEC:  DS-2                       
 ------------------ 
   SAMPLED VARIABLES: 
     ACETO    : ACETO-01MOLEFLOW IN STREAM S-107 SUBSTREAM MIXED     
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 DESIGN-SPEC:  DS-2 (CONTINUED)                       
   SPECIFICATION: 
     MAKE ACETO APPROACH 1,954.00     
     WITHIN          0.000100000                               
   MANIPULATED VARIABLES: 
     VARY     : TOTAL MOLEFLOW IN STREAM S-418 SUBSTREAM MIXED   
     LOWER LIMIT =           0.0                      LBMOL/HR         
     UPPER LIMIT =      11,023.1                      LBMOL/HR         
     FINAL VALUE =          18.4286                   LBMOL/HR         
   VALUES OF ACCESSED FORTRAN VARIABLES: 
     VARIABLE      VALUE AT START      FINAL VALUE     UNITS 
                      OF LOOP                                
     --------      --------------      -----------     ----- 
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     ACETO           1954.00            1954.00        KMOL/HR          
 DESIGN-SPEC:  DS-3                       
 ------------------ 
   SAMPLED VARIABLES: 
     BENZ     : BENZENE MOLEFLOW IN STREAM S-107 SUBSTREAM MIXED     
   SPECIFICATION: 
     MAKE BENZ APPROACH 410.000   
     WITHIN          0.00100000                                
   MANIPULATED VARIABLES: 
     VARY     : TOTAL MOLEFLOW IN STREAM S-101 SUBSTREAM MIXED   
     LOWER LIMIT =           0.0                      LBMOL/HR         
     UPPER LIMIT =      11,023.1                      LBMOL/HR         
     FINAL VALUE =         672.568                    LBMOL/HR         
   VALUES OF ACCESSED FORTRAN VARIABLES: 
     VARIABLE      VALUE AT START      FINAL VALUE     UNITS 
                      OF LOOP                                
     --------      --------------      -----------     ----- 
     BENZ            410.000            410.000        KMOL/HR          
 CONVERGENCE BLOCK:  $OLVER01             
 ---------------------------- 
     Tear Stream  :  S-305      S-209 
     Tolerance used:  0.100D-04  0.100D-04  
     Trace molefrac:  0.100D-06  0.100D-06  
  
     MAXIT= 9999 WAIT   1 ITERATIONS BEFORE ACCELERATING 
     QMAX =   0.0     QMIN =  -5.0     
     METHOD: WEGSTEIN      STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:    46 
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 CONVERGENCE BLOCK:  $OLVER01 (CONTINUED)             
                          *** FINAL VALUES *** 
VAR#  TEAR STREAM VAR  STREAM   SUBSTREA COMPONEN ATTRIBUT ELEMENT      UNIT         
VALUE       PREV VALUE       ERR/TOL 
----  ---------------  -------- -------- -------- -------- -------- ----------- 
------------   ------------   ------------ 
   1  TOTAL MOLEFLOW   S-305    MIXED                               LBMOL/HR     
3543.7390      3543.7406     -4.7604-02       
   2  TOTAL MOLEFLOW   S-209    MIXED                               LBMOL/HR     
1.0543+04      1.0543+04      6.3508-02       
   3  MOLE-FLOW        S-305    MIXED    BENZENE                    LBMOL/HR      
899.0610       899.0623        -0.1387       
   4  MOLE-FLOW        S-305    MIXED    PHENOL                     LBMOL/HR       
16.0272        16.0272      2.8008-02       
   5  MOLE-FLOW        S-305    MIXED    WATER                      LBMOL/HR      
365.6935       365.6934      3.3977-02       
   6  MOLE-FLOW        S-305    MIXED    ACETO-01                   LBMOL/HR     
2239.6770      2239.6775     -2.4969-02       
   7  MOLE-FLOW        S-305    MIXED    HYDRO-01                   LBMOL/HR        
0.0            0.0            0.0          
   8  MOLE-FLOW        S-305    MIXED    NITROGEN                   LBMOL/HR        
0.0            0.0            0.0          
   9  MOLE-FLOW        S-305    MIXED    OXYGEN                     LBMOL/HR       
23.2803        23.2803     -4.1092-02       
  10  MOLE-FLOW        S-305    MIXED    ZINC--01                   LBMOL/HR        
0.0            0.0            0.0          
  11  PRESSURE         S-305    MIXED                               PSIA           
58.7838        58.7838         0.0          
  12  MASS ENTHALPY    S-305    MIXED                               BTU/LB         
60.8809        60.8812        -0.4661       
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  13  MOLE-FLOW        S-209    MIXED    BENZENE                    LBMOL/HR     
1156.7928      1156.7816         0.9635       
  14  MOLE-FLOW        S-209    MIXED    PHENOL                     LBMOL/HR      
696.1905       696.1905     -5.9904-03       
  15  MOLE-FLOW        S-209    MIXED    WATER                      LBMOL/HR     
1918.2517      1918.2552        -0.1866       
  16  MOLE-FLOW        S-209    MIXED    ACETO-01                   LBMOL/HR     
6706.5689      6706.5698     -1.3086-02       
  17  MOLE-FLOW        S-209    MIXED    HYDRO-01                   LBMOL/HR        
0.0            0.0            0.0          
  18  MOLE-FLOW        S-209    MIXED    NITROGEN                   LBMOL/HR        
0.0            0.0            0.0          
  19  MOLE-FLOW        S-209    MIXED    OXYGEN                     LBMOL/HR       
64.8526        64.8525      7.3589-02       
  20  MOLE-FLOW        S-209    MIXED    ZINC--01                   LBMOL/HR        
0.3996         0.3996      2.5292-07       
  21  PRESSURE         S-209    MIXED                               PSIA          
169.0034       169.0034         0.0          
  22  MASS ENTHALPY    S-209    MIXED                               BTU/LB       
-201.4705      -201.4724         0.9344       
                          *** ITERATION HISTORY ***  
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                               FLOWSHEET SECTION                                 
 CONVERGENCE BLOCK:  $OLVER01 (CONTINUED)             
     TEAR STREAMS AND TEAR VARIABLES:  
     ITERATION   MAX-ERR/TOL   STREAM ID      VARIABLE         SUBSTREA 
COMPONEN ATTRIBUT ELEMENT 
     ---------   -----------   ---------      ---------------- -------- -------
- -------- ------- 
          1      0.1000E+07    S-209          PRESSURE         MIXED                               
          2      0.1000E+06    S-305          MOLE-FLOW        MIXED    WATER                      
          3      0.9195E+05    S-209          MOLE-FLOW        MIXED    BENZENE                    
          4      0.8659E+05    S-305          MOLE-FLOW        MIXED    BENZENE                    
          5      0.4202E+05    S-209          MOLE-FLOW        MIXED    BENZENE                    
          6      0.4646E+05    S-305          MASS ENTHALPY    MIXED                               
          7      0.2351E+05    S-209          MOLE-FLOW        MIXED    BENZENE                    
          8      0.6748E+05    S-305          MASS ENTHALPY    MIXED                               
          9      0.1287E+05    S-209          MOLE-FLOW        MIXED    BENZENE                    
         10      0.1073E+06    S-305          MASS ENTHALPY    MIXED                               
         11      0.2158E+06    S-305          MASS ENTHALPY    MIXED                               
         12      0.1971E+06    S-305          MASS ENTHALPY    MIXED                               
         13      0.2057E+05    S-305          MASS ENTHALPY    MIXED                               
         14      0.1598E+05    S-305          MASS ENTHALPY    MIXED                               
         15      0.2015E+05    S-305          MASS ENTHALPY    MIXED                               
         16      -3848.        S-305          MASS ENTHALPY    MIXED                               
         17      0.1430E+05    S-305          MASS ENTHALPY    MIXED                               
         18      -2940.        S-305          MASS ENTHALPY    MIXED                               
         19       6976.        S-305          MASS ENTHALPY    MIXED                               
         20      -1267.        S-305          MASS ENTHALPY    MIXED                               
         21       3575.        S-305          MASS ENTHALPY    MIXED                               
         22      -581.4        S-305          MASS ENTHALPY    MIXED                               
         23       1943.        S-305          MASS ENTHALPY    MIXED                               
         24       287.1        S-209          MOLE-FLOW        MIXED    BENZENE                    
         25       1094.        S-305          MASS ENTHALPY    MIXED                               
         26       169.2        S-209          MOLE-FLOW        MIXED    BENZENE                    
         27       629.4        S-305          MASS ENTHALPY    MIXED                               
         28       99.61        S-209          MOLE-FLOW        MIXED    BENZENE                    
         29       367.4        S-305          MASS ENTHALPY    MIXED                               
         30       57.93        S-209          MOLE-FLOW        MIXED    BENZENE                    
         31       211.3        S-305          MASS ENTHALPY    MIXED                               
         32       34.13        S-209          MOLE-FLOW        MIXED    BENZENE                    
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         33       122.6        S-305          MASS ENTHALPY    MIXED                               
         34       20.19        S-209          MOLE-FLOW        MIXED    BENZENE                    
         35       69.23        S-305          MASS ENTHALPY    MIXED                               
         36       12.75        S-209          MOLE-FLOW        MIXED    BENZENE                    
         37       43.26        S-305          MASS ENTHALPY    MIXED                               
         38       7.667        S-209          MOLE-FLOW        MIXED    BENZENE                    
         39       26.52        S-305          MASS ENTHALPY    MIXED                               
         40       4.630        S-209          MOLE-FLOW        MIXED    BENZENE                    
         41       16.20        S-305          MASS ENTHALPY    MIXED                               
         42       2.751        S-209          MOLE-FLOW        MIXED    BENZENE                    
         43       9.777        S-305          MASS ENTHALPY    MIXED                               
         44       1.629        S-209          MOLE-FLOW        MIXED    BENZENE                    
         45       5.824        S-305          MASS ENTHALPY    MIXED                               
         46      0.9635        S-209          MOLE-FLOW        MIXED    BENZENE                    
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/31/2012  PAGE 9    
                                                                                 
                               FLOWSHEET SECTION                                 
 CONVERGENCE BLOCK:  $OLVER02             
 ---------------------------- 
     SPECS: DS-1 
     MAXIT=   30 STEP-SIZE=    1.0000    % OF RANGE 
                 MAX-STEP=       100.    % OF RANGE 
                 XTOL=       1.000000E-08 
     THE NEW ALGORITHM WAS USED WITH BRACKETING=NO       
     METHOD: SECANT        STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:   135 
     NUMBER OF ITERATIONS ON LAST OUTER LOOP:     1 
                          *** FINAL VALUES *** 
 
VAR#  MANIPUL/TEAR-VAR VARIABLE DESCRIPTION                              UNIT         
VALUE       PREV VALUE       ERR/TOL 
----  ---------------- -------------------------                    ----------- 
------------   ------------   ------------ 
   1  TOTAL MOLEFLOW   S-104.MIXED                                  LBMOL/HR        
0.1337         0.1337     -1.4766-04       
                          *** ITERATION HISTORY ***  
     DESIGN-SPEC ID: DS-1                                                                                      
     ITERATED:  TOTAL MOLEFLOW IN STREAM S-104 SUBSTREAM MIXED   
     ITERATION  VARIABLE         ERROR          ERR/TOL  
     ---------  --------         -----          -------  
          1     0.1337          -0.1477E-06    -0.1477E-03 
 CONVERGENCE BLOCK:  $OLVER03             
 ---------------------------- 
     SPECS: DS-2 
     MAXIT=   30 STEP-SIZE=    1.0000    % OF RANGE 
                 MAX-STEP=       100.    % OF RANGE 
                 XTOL=       1.000000E-08 
     THE NEW ALGORITHM WAS USED WITH BRACKETING=NO       
     METHOD: SECANT        STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:   110 
     NUMBER OF ITERATIONS ON LAST OUTER LOOP:     1 
                          *** FINAL VALUES *** 
 
VAR#  MANIPUL/TEAR-VAR VARIABLE DESCRIPTION                              UNIT         
VALUE       PREV VALUE       ERR/TOL 
----  ---------------- -------------------------                    ----------- 
------------   ------------   ------------ 
   1  TOTAL MOLEFLOW   S-418.MIXED                                  LBMOL/HR       
18.4286        18.4286         0.1093       
                          *** ITERATION HISTORY ***  
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                               FLOWSHEET SECTION                                 
 CONVERGENCE BLOCK:  $OLVER03 (CONTINUED)             
     DESIGN-SPEC ID: DS-2                                                                                      
     ITERATED:  TOTAL MOLEFLOW IN STREAM S-418 SUBSTREAM MIXED   
     ITERATION  VARIABLE         ERROR          ERR/TOL  
     ---------  --------         -----          -------  
          1      18.43           0.1093E-04     0.1093     
 CONVERGENCE BLOCK:  $OLVER04             
 ---------------------------- 
     SPECS: DS-3 
     MAXIT=   30 STEP-SIZE=    1.0000    % OF RANGE 
                 MAX-STEP=       100.    % OF RANGE 
                 XTOL=       1.000000E-08 
     THE NEW ALGORITHM WAS USED WITH BRACKETING=NO       
     METHOD: SECANT        STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:   131 
     NUMBER OF ITERATIONS ON LAST OUTER LOOP:     1 
                          *** FINAL VALUES *** 
 
VAR#  MANIPUL/TEAR-VAR VARIABLE DESCRIPTION                              UNIT         
VALUE       PREV VALUE       ERR/TOL 
----  ---------------- -------------------------                    ----------- 
------------   ------------   ------------ 
   1  TOTAL MOLEFLOW   S-101.MIXED                                  LBMOL/HR      
672.5681       672.5681      2.6217-05       
                          *** ITERATION HISTORY ***  
     DESIGN-SPEC ID: DS-3                                                                                      
     ITERATED:  TOTAL MOLEFLOW IN STREAM S-101 SUBSTREAM MIXED   
     ITERATION  VARIABLE         ERROR          ERR/TOL  
     ---------  --------         -----          -------  
          1      672.6           0.2622E-07     0.2622E-04 
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                               FLOWSHEET SECTION                                 
 COMPUTATIONAL SEQUENCE                   
 ---------------------- 
 SEQUENCE USED WAS: 
    FIRE CHILLWAT PUMPELEC CW P-203 V-205 P-404 V-408 P-202 V-203 P-106     
    V-109 C-501 V-501 P-103 V-103                                           
    $OLVER01 V-303 D-301 V-301 D-401 V-401 F-401 SP-102 V-304 HX-301 V-302  
    |  DC-301                                                               
    |  $OLVER03 P-403 V-406 M-105 P-402 V-407                               
    |  |  $OLVER04 P-101 V-101                                              
    |  |  |  $OLVER02 P-102 V-102 M-101                                     
    |  |  |  (RETURN $OLVER02)                                              
    |  |  (RETURN $OLVER04)                                                 
    |  (RETURN $OLVER03)                                                    
    |  SP-101 R-101A1 R-101A2 V-104 P-104 V-105 R-102A1 R-102A2 V-106 P-105 
    |  V-107 R-103A1 R-103A2 V-108 R-101B1 R-101B2 V-110 P-107 V-111        
    |  R-102B1 R-102B2 V-112 P-108 V-113 R-103B1 R-103B2 V-114 M-103 C-201  
    |  HX-201 V-202 V-409 D-402 C-401 V-405 M-107 HX-202 M-104 F-201 V-204  
    |  P-201 M-102 P-109 ST-102 P-110 V-201 M-106 HX-203                    
    (RETURN $OLVER01)                                                       
    HX-204 FR-501A1 FR-501A2 V-411 HX-401 HX-402                            
 OVERALL FLOWSHEET BALANCE                
 ------------------------- 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   CONVENTIONAL COMPONENTS   
           (LBMOL/HR) 
      BENZENE             903.895       232.842      -671.044      0.106768E-04 
      PHENOL              5.04037       676.084       671.044     -0.609006E-07 
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      WATER               82165.6       82884.0       718.470     -0.321622E-07 
      ACETO-01            4307.83       4307.83       0.00000     -0.457768E-06 
      HYDRO-01            718.470      0.793664E-13  -718.470     -0.158235E-15 
      NITROGEN           0.551156      0.551156       0.00000     -0.170173E-11 
      OXYGEN              0.00000       23.7127       23.7128      0.155724E-05 
      ZINC--01           0.998967E-01  0.998967E-01   0.00000      0.414968E-10 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         88101.5       88125.2       23.7128      0.568370E-07 
   MASS(LB/HR   )        0.175264E+07  0.175264E+07                0.354997E-06 
   ENTHALPY(BTU/HR  )   -0.100453E+11 -0.100582E+11                0.128179E-02 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                          PHYSICAL PROPERTIES SECTION                            
 COMPONENTS                               
 ---------- 
  ID       TYPE  ALIAS          NAME 
   BENZENE  C     C6H6           BENZENE                          
   PHENOL   C     C6H6O          PHENOL                           
   WATER    C     H2O            WATER                            
   ACETO-01 C     C2H3N          ACETONITRILE                     
   HYDRO-01 C     H2O2           HYDROGEN-PEROXIDE                
   NITROGEN C     N2             NITROGEN                         
   OXYGEN   C     O2             OXYGEN                           
   ZINC--01 C     ZNBR2          ZINC-BROMIDE                     
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                                REACTION SECTION                                 
 REACTION:   R-1       TYPE: GENERAL      
 ----------------------------------- 
      Unit operations referencing this reaction model:  
       Reactor Name       Block Type       Reactor Name       Block Type 
       
       FR-501A1           RCSTR            R-101A1            RCSTR        
       R-101B1            RCSTR            R-102A1            RCSTR        
       R-102B1            RCSTR            R-103A1            RCSTR        
       R-103B1            RCSTR        
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                              U-O-S BLOCK SECTION                                
 BLOCK:  C-201    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-139    
   OUTLET STREAM:         S-201    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            382.828         382.828         0.00000     
       MASS(LB/HR   )            13104.8         13104.8         0.00000     
       ENTHALPY(BTU/HR  )      -0.131395E+08   -0.116727E+08   -0.111633     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
122 
 
                           ***  INPUT DATA  *** 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  PSIA                                  169.003       
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
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                              U-O-S BLOCK SECTION                                
 BLOCK:  C-201    MODEL: COMPR (CONTINUED)            
                           ***  RESULTS  *** 
    INDICATED  HORSEPOWER REQUIREMENT  HP                  576.475       
    BRAKE      HORSEPOWER REQUIREMENT  HP                  576.475       
    NET WORK REQUIRED                  HP                  576.475       
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                  415.062       
    CALCULATED OUTLET TEMP  F                              452.614       
    ISENTROPIC TEMPERATURE  F                              379.928       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                     62,711.5         
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.22470     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR               109,068.          
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR                20,862.4         
    INLET  COMPRESSIBILITY FACTOR                            0.97593     
    OUTLET COMPRESSIBILITY FACTOR                            0.94074     
    AV. ISENT. VOL. EXPONENT                                 1.16043     
    AV. ISENT. TEMP EXPONENT                                 1.19794     
    AV. ACTUAL VOL. EXPONENT                                 1.23147     
    AV. ACTUAL TEMP EXPONENT                                 1.25944     
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                     429.8774  KW               
  COST                                     25.7926  $/HR             
 BLOCK:  C-401    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-416    
   OUTLET STREAM:         S-417    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            353.231         353.231         0.00000     
       MASS(LB/HR   )            9717.56         9717.56         0.00000     
       ENTHALPY(BTU/HR  )      -0.166777E+08   -0.155302E+08   -0.688048E-01 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                              U-O-S BLOCK SECTION                                
 BLOCK:  C-401    MODEL: COMPR (CONTINUED)            
                           ***  INPUT DATA  *** 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  PSIA                                  169.003       
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
                           ***  RESULTS  *** 
    INDICATED  HORSEPOWER REQUIREMENT  HP                  450.987       
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    BRAKE      HORSEPOWER REQUIREMENT  HP                  450.987       
    NET WORK REQUIRED                  HP                  450.987       
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                  324.711       
    CALCULATED OUTLET TEMP  F                              533.689       
    ISENTROPIC TEMPERATURE  F                              460.586       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                     66,161.4         
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.25065     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR                69,789.6         
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR                21,307.3         
    INLET  COMPRESSIBILITY FACTOR                            0.97431     
    OUTLET COMPRESSIBILITY FACTOR                            0.95632     
    AV. ISENT. VOL. EXPONENT                                 1.19710     
    AV. ISENT. TEMP EXPONENT                                 1.22650     
    AV. ACTUAL VOL. EXPONENT                                 1.28625     
    AV. ACTUAL TEMP EXPONENT                                 1.30678     
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                     336.3012  KW               
  COST                                     20.1781  $/HR             
 BLOCK:  C-501    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-501    
   OUTLET STREAM:         S-502    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
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                              U-O-S BLOCK SECTION                                
 BLOCK:  C-501    MODEL: COMPR (CONTINUED)            
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)           0.551156        0.551156         0.00000     
       MASS(LB/HR   )            15.4398         15.4398         0.00000     
       ENTHALPY(BTU/HR  )       -1.53690         852.667        -1.00180     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                           ***  INPUT DATA  *** 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  PSIA                                   36.7399      
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
                           ***  RESULTS  *** 
    INDICATED  HORSEPOWER REQUIREMENT  HP                    0.33571     
    BRAKE      HORSEPOWER REQUIREMENT  HP                    0.33571     
    NET WORK REQUIRED                  HP                    0.33571     
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                    0.24171     
    CALCULATED OUTLET TEMP  F                              299.297       
    ISENTROPIC TEMPERATURE  F                              237.325       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                     30,997.5         
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.40167     
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    INLET VOLUMETRIC FLOW RATE , CUFT/HR                   215.910       
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR                   122.231       
    INLET  COMPRESSIBILITY FACTOR                            0.99961     
    OUTLET COMPRESSIBILITY FACTOR                            1.00038     
    AV. ISENT. VOL. EXPONENT                                 1.40036     
    AV. ISENT. TEMP EXPONENT                                 1.39914     
    AV. ACTUAL VOL. EXPONENT                                 1.61050     
    AV. ACTUAL TEMP EXPONENT                                 1.60833     
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                              U-O-S BLOCK SECTION                                
 BLOCK:  C-501    MODEL: COMPR (CONTINUED)            
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                       0.2503  KW               
  COST                                   1.5021-02  $/HR             
 BLOCK:  D-301    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-209    STAGE   3 
    OUTLETS  - S-310    STAGE   1 
               S-304    STAGE   1 
               S-301    STAGE  20 
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            10543.1         10543.0        0.635084E-06 
       MASS(LB/HR   )            467927.         467926.        0.164076E-05 
       ENTHALPY(BTU/HR  )      -0.942735E+08   -0.559014E+08   -0.407030     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
   ****   INPUT PARAMETERS   **** 
    NUMBER OF STAGES                                        20 
    ALGORITHM OPTION                                      NONIDEAL     
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        NEWTON   
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
   ****   COL-SPECS   **** 
    MOLAR REFLUX RATIO                                       0.000100000 
    MOLAR BOILUP RATIO                                       2.00000     
    CONDENSER TEMPERATURE          F                       278.282       
   ****    PROFILES   **** 
    P-SPEC          STAGE   1  PRES, PSIA                  169.003       
   **** TRAY MURPHREE EFFICIENCY **** 
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                  SEGMENT   2 19  EFFICIENCY                 0.35000     
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                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
                             OUTLET STREAMS  
                             -------------- 
                  S-310        S-304        S-301    
    COMPONENT: 
    BENZENE     .21152E-01   .77888       .19997     
    PHENOL      .15733E-04   .24208E-01   .97578     
    WATER       .17077E-01   .97608       .68445E-02 
    ACETO-01    .37379E-02   .35571       .64056     
    OXYGEN      .50460       .49540       0.0000     
    ZINC--01    0.0000       0.0000       1.0000     
  
   ***    SUMMARY OF KEY RESULTS    *** 
    TOP STAGE TEMPERATURE          F                       278.282       
    BOTTOM STAGE TEMPERATURE       F                       370.757       
    TOP STAGE LIQUID FLOW          LBMOL/HR                  0.53229     
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR              5,220.11        
    TOP STAGE VAPOR FLOW           LBMOL/HR                115.032       
    BOILUP VAPOR FLOW              LBMOL/HR             10,440.2         
    MOLAR REFLUX RATIO                                       0.000100000 
    MOLAR BOILUP RATIO                                       2.00000     
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                   -0.655056+08 
    REBOILER DUTY                  BTU/HR                    0.103878+09 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
    BUBBLE POINT                    0.16409E-08  STAGE=  1 
    COMPONENT MASS BALANCE          0.43381E-05  STAGE=  3 COMP=BENZENE  
    ENERGY BALANCE                  0.27031E-05  STAGE=  3 
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   ****    PROFILES   **** 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
   1   278.28        169.00       -26512.      -12939.      -.65506+08 
   2   321.81        169.00       -6544.5      -13913.                 
   3   319.04        169.00       -9457.1      -13881.                 
   4   322.52        169.00       -8617.9      -13026.                 
  17   353.28        169.00        19532.       29428.                 
  18   355.99        169.00        20418.       31243.                 
  19   358.38        169.00        20884.       32420.                 
  20   370.76        169.00        16026.       33262.       .10388+09 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  5208.      115.0                                     5207.9120  115.0317 
   2  22.62      5323.                                                         
   3 0.1339E+05  5346.      .10543+05                                          
   4 0.1355E+05  8165.                                                         
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  17 0.1565E+05 0.1026E+05                                                     
  18 0.1579E+05 0.1043E+05                                                     
  19 0.1566E+05 0.1057E+05                                                     
  20  5220.     0.1044E+05                                 5220.1055           
    ****  MASS FLOW PROFILES  **** 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.2047E+06  4579.                                     .20466+06 4578.8202 
   2  979.9     0.2093E+06                                                     
   3 0.5810E+06 0.2102E+06  .46793+06                                          
   4 0.5886E+06 0.3223E+06                                                     
  17 0.7276E+06 0.4608E+06                                                     
  18 0.7328E+06 0.4689E+06                                                     
  19 0.7262E+06 0.4741E+06                                                     
  20 0.2587E+06 0.4675E+06                                 .25869+06           
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                         ****   MOLE-X-PROFILE     **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      OXYGEN   
      1    0.17300       0.32361E-02   0.35952       0.45807       0.61690E-02 
      2    0.12187       0.45222E-01   0.20132       0.63143       0.15172E-03 
      3    0.12260       0.52844E-01   0.21694       0.60715       0.43041E-03 
      4    0.12163       0.52289E-01   0.21218       0.61384       0.24346E-04 
     17    0.86600E-01   0.50232E-01   0.19567E-01   0.84357        0.0000     
     18    0.78864E-01   0.51658E-01   0.12816E-01   0.85664       0.85643E-21 
     19    0.70478E-01   0.54485E-01   0.81435E-02   0.86687       0.42192E-21 
     20    0.44314E-01   0.13014       0.25152E-02   0.82296        0.0000     
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ZINC--01 
      1     0.0000     
      2     0.0000     
      3    0.29852E-04 
      4    0.29500E-04 
     17    0.25527E-04 
     18    0.25314E-04 
     19    0.25516E-04 
     20    0.76548E-04 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      OXYGEN   
      1    0.21271       0.95219E-04   0.28478       0.21793       0.28449     
      2    0.17386       0.31683E-02   0.35791       0.45288       0.12183E-01 
      3    0.17364       0.33462E-02   0.35725       0.45363       0.12133E-01 
      4    0.17265       0.34313E-02   0.35403       0.46919       0.70557E-03 
     17    0.11861       0.84254E-02   0.42452E-01   0.83051       0.34326E-19 
     18    0.10776       0.10255E-01   0.28098E-01   0.85389       0.52809E-19 
     19    0.95935E-01   0.12882E-01   0.17906E-01   0.87328       0.20098E-19 
     20    0.83561E-01   0.16659E-01   0.10958E-01   0.88882        0.0000     
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ZINC--01 
      1     0.0000     
      2    0.59404E-84 
      3    0.91391E-84 
      4    0.92536E-84 
     17    0.17815E-83 
     18    0.21207E-83 
     19    0.26401E-83 
     20    0.34290E-83 
                         ****   K-VALUES           **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      OXYGEN   
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      1     1.2295       0.29423E-01   0.79210       0.47576        46.115     
      2     1.4299       0.62754E-01    1.7839       0.71501        80.916     
      3     1.4313       0.60331E-01    1.6743       0.69958        77.494     
      4     1.4582       0.63989E-01    1.7594       0.72339        79.782     
     17     1.6023       0.10008        3.5319       0.93305        128.62     
     18     1.6448       0.10407        3.6692       0.95476        132.59     
     19     1.6873       0.10769        3.7834       0.97409        136.10     
     20     1.8857       0.12802        4.3566        1.0800        150.62     
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                         ****   K-VALUES           **** 
   STAGE     ZINC--01 
      1    0.19015E-79 
      2    0.30236E-79 
      3    0.29903E-79 
      4    0.30256E-79 
     17    0.45108E-79 
     18    0.45669E-79 
     19    0.46051E-79 
     20    0.44795E-79 
                         ****   MASS-X-PROFILE     **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      OXYGEN   
      1    0.34389       0.77502E-02   0.16482       0.47852       0.50232E-02 
      2    0.21971       0.98224E-01   0.83705E-01   0.59825       0.11204E-03 
      3    0.22065       0.11458       0.90045E-01   0.57426       0.31731E-03 
      4    0.21866       0.11325       0.87970E-01   0.57995       0.17929E-04 
     17    0.14554       0.10171       0.75838E-02   0.74505        0.0000     
     18    0.13269       0.10472       0.49733E-02   0.75749       0.59029E-21 
     19    0.11872       0.11058       0.31637E-02   0.76742       0.29114E-21 
     20    0.69851E-01   0.24714       0.91435E-03   0.68174        0.0000     
                         ****   MASS-X-PROFILE     **** 
   STAGE     ZINC--01 
      1     0.0000     
      2     0.0000     
      3    0.15488E-03 
      4    0.15289E-03 
     17    0.12367E-03 
     18    0.12279E-03 
     19    0.12391E-03 
     20    0.34786E-03 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      OXYGEN   
      1    0.41743       0.22513E-03   0.12889       0.22476       0.22870     
      2    0.34550       0.75855E-02   0.16403       0.47297       0.99174E-02 
      3    0.34491       0.80080E-02   0.16366       0.47355       0.98722E-02 
      4    0.34168       0.81815E-02   0.16158       0.48798       0.57200E-03 
     17    0.20627       0.17653E-01   0.17026E-01   0.75905       0.24453E-19 
     18    0.18729       0.21475E-01   0.11263E-01   0.77997       0.37599E-19 
     19    0.16698       0.27015E-01   0.71879E-02   0.79882       0.14330E-19 
     20    0.14576       0.35012E-01   0.44083E-02   0.81482        0.0000     
                         ****   MASS-Y-PROFILE     **** 
   STAGE     ZINC--01 
      1     0.0000     
      2    0.34033E-83 
      3    0.52335E-83 
      4    0.52795E-83 
     17    0.89315E-83 
     18    0.10626E-82 
     19    0.13248E-82 
     20    0.17244E-82 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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                         ****   MURPHREE EFF       **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      OXYGEN   
      1     1.0000        1.0000        1.0000        1.0000        1.0000     
      2    0.35000       0.35000       0.35000       0.35000       0.35000     
      3    0.35000       0.35000       0.35000       0.35000       0.35000     
      4    0.35000       0.35000       0.35000       0.35000       0.35000     
     17    0.35000       0.35000       0.35000       0.35000       0.35000     
     18    0.35000       0.35000       0.35000       0.35000       0.35000     
     19    0.35000       0.35000       0.35000       0.35000       0.35000     
     20     1.0000        1.0000        1.0000        1.0000        1.0000     
                         ****   MURPHREE EFF       **** 
   STAGE     ZINC--01 
      1     1.0000     
      2    0.35000     
      3    0.35000     
      4    0.35000     
     17    0.35000     
     18    0.35000     
     19    0.35000     
     20     1.0000     
 
 
                    ******************************** 
                    ***** HYDRAULIC PARAMETERS ***** 
                    ******************************** 
 
       *** DEFINITIONS *** 
        MARANGONI INDEX = SIGMA - SIGMATO 
        FLOW PARAM = (ML/MV)*SQRT(RHOV/RHOL) 
        QR = QV*SQRT(RHOV/(RHOL-RHOV)) 
        F FACTOR = QV*SQRT(RHOV) 
          WHERE: 
          SIGMA IS THE SURFACE TENSION OF LIQUID FROM THE STAGE 
          SIGMATO IS THE SURFACE TENSION OF LIQUID TO THE STAGE 
          ML IS THE MASS FLOW OF LIQUID FROM THE STAGE 
          MV IS THE MASS FLOW OF VAPOR TO THE STAGE 
          RHOL IS THE MASS DENSITY OF LIQUID FROM THE STAGE 
          RHOV IS THE MASS DENSITY OF VAPOR TO THE STAGE 
          QV IS THE VOLUMETRIC FLOW RATE OF VAPOR TO THE STAGE 
 
                     TEMPERATURE 
                         F    
 STAGE       LIQUID FROM       VAPOR TO 
    1         278.28            321.81     
    2         321.81            319.04     
    3         319.04            322.52     
    4         322.52            323.34     
   17         353.28            355.99     
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                     TEMPERATURE 
                         F    
 STAGE       LIQUID FROM       VAPOR TO 
   18         355.99            358.38     
   19         358.38            370.76     
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   20         370.76            370.76     
 
             MASS FLOW                VOLUME FLOW         MOLECULAR WEIGHT 
              LB/HR                    CUFT/HR  
 STAGE LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO 
    1  0.20468E+06 0.20926E+06  4573.2     0.23157E+06  39.298      39.309     
    2   979.91     0.21022E+06  23.188     0.23130E+06  43.330      39.326     
    3  0.58099E+06 0.32230E+06  13561.     0.35409E+06  43.404      39.471     
    4  0.58857E+06 0.32988E+06  13817.     0.36089E+06  43.452      39.625     
   17  0.72761E+06 0.46892E+06  18731.     0.45594E+06  46.481      44.943     
   18  0.73284E+06 0.47415E+06  18980.     0.46295E+06  46.426      44.879     
   19  0.72621E+06 0.46752E+06  18887.     0.46794E+06  46.373      44.781     
   20  0.25869E+06  0.0000      6452.6      0.0000      49.556     
 
               DENSITY                  VISCOSITY         SURFACE TENSION 
               LB/CUFT                   CP                  DYNE/CM  
 STAGE LIQUID FROM  VAPOR TO     LIQUID FROM  VAPOR TO      LIQUID FROM 
    1   44.757      0.90366      0.17297      0.12861E-01    27.684     
    2   42.260      0.90884      0.14883      0.12811E-01    19.389     
    3   42.844      0.91023      0.15142      0.12658E-01    20.234     
    4   42.596      0.91408      0.14953      0.12611E-01    19.807     
   17   38.846       1.0285      0.13059      0.11629E-01    11.221     
   18   38.610       1.0242      0.12946      0.11571E-01    10.850     
   19   38.451      0.99911      0.12858      0.11661E-01    10.588     
   20   40.090                   0.12733                     10.704     
 
       MARANGONI INDEX   FLOW PARAM          QR          REDUCED F-FACTOR 
 STAGE    DYNE/CM                          CUFT/HR       (LB-CUFT)**.5/HR 
    1                    0.13898           33242.          0.22013E+06 
    2   -8.2953          0.68359E-03       34291.          0.22051E+06 
    3   -5.8920          0.26275           52168.          0.33782E+06 
    4   -.42727          0.26136           53443.          0.34504E+06 
   17   -.49898          0.25248           75190.          0.46239E+06 
   18   -.37120          0.25173           76421.          0.46851E+06 
   19   -.26187          0.25039           76429.          0.46773E+06 
   20   0.11586                            0.0000           0.0000     
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                 ************************************  
                 ***** TRAY SIZING CALCULATIONS *****  
                 ************************************  
 
    ******************* 
    *** SECTION   1 *** 
    ******************* 
    STARTING STAGE NUMBER                                         2 
    ENDING STAGE NUMBER                                          19 
    FLOODING CALCULATION METHOD                               GLITSCH  
    DESIGN PARAMETERS              
    -----------------              
    PEAK CAPACITY FACTOR                                      1.00000     
    SYSTEM FOAMING FACTOR                                     1.00000     
    FLOODING FACTOR                                           0.80000     
    MINIMUM COLUMN DIAMETER         FT                        1.00000     
    MINIMUM DC AREA/COLUMN AREA                               0.100000    
    HOLE AREA/ACTIVE AREA                                     0.12000     
    TRAY SPECIFICATIONS         
    -------------------         
    TRAY TYPE                                                 SIEVE        
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    NUMBER OF PASSES                                              4 
    TRAY SPACING                    FT                        2.00000     
 
            ***** SIZING RESULTS @ STAGE WITH MAXIMUM DIAMETER ***** 
    STAGE WITH MAXIMUM DIAMETER                                  18 
    COLUMN DIAMETER                 FT                       10.8871      
    DC AREA/COLUMN AREA                                       0.11285     
    SIDE DOWNCOMER VELOCITY         FT/SEC                    0.50188     
    FLOW PATH LENGTH                FT                        1.97056     
    SIDE DOWNCOMER WIDTH            FT                        0.71862     
    SIDE WEIR LENGTH                FT                        5.40638     
    CENTER DOWNCOMER WIDTH          FT                        0.48262     
    CENTER WEIR LENGTH              FT                       10.8764      
    OFF-CENTER DOWNCOMER WIDTH      FT                        0.54251     
    OFF-CENTER SHORT WEIR LENGTH    FT                        9.39056     
    OFF-CENTER LONG WEIR LENGTH     FT                        9.94785     
    TRAY CENTER TO OCDC CENTER      FT                        2.48313     
 
                          **** SIZING PROFILES **** 
       STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                                            PER PANEL      PER PANEL 
                  FT            SQFT         SQFT           SQFT     
          2       1.6270        2.0792      0.39562       0.62086E-01 
          3       8.8845        61.995       11.946        1.7764     
          4       8.9944        63.539       12.254        1.8155     
          5       9.0496        64.320       12.405        1.8375     
          6       9.1151        65.255       12.586        1.8638     
          7       9.1975        66.440       12.816        1.8969     
          8       9.2998        67.926       13.105        1.9383     
          9       9.4241        69.755       13.461        1.9889     
         10       9.5716        71.955       13.890        2.0496     
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       STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                                            PER PANEL      PER PANEL 
                  FT            SQFT         SQFT           SQFT     
         11       9.7413        74.529       14.392        2.1203     
         12       9.9292        77.431       14.958        2.1998     
         13       10.128        80.559       15.569        2.2851     
         14       10.326        83.739       16.191        2.3717     
         15       10.510        86.757       16.782        2.4538     
         16       10.669        89.404       17.299        2.5258     
         17       10.796        91.534       17.716        2.5838     
         18       10.887        93.093       18.021        2.6263     
         19       10.876        92.907       17.991        2.6181     
 BLOCK:  D-401    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-302    STAGE   5 
    OUTLETS  - S-402    STAGE   1 
               S-403    STAGE  20 
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5220.11         5220.11        0.696917E-15 
       MASS(LB/HR   )            258688.         258688.        0.450022E-15 
       ENTHALPY(BTU/HR  )       0.836572E+08    0.119574E+09   -0.300372     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
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    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
   ****   INPUT PARAMETERS   **** 
    NUMBER OF STAGES                                        20 
    ALGORITHM OPTION                                      NONIDEAL     
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        NEWTON   
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                 200 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
   ****   COL-SPECS   **** 
    MOLAR VAPOR DIST / TOTAL DIST                            1.00000     
    MOLAR REFLUX RATIO                                       0.14500     
    MOLAR BOILUP RATIO                                       3.37500     
   ****    PROFILES   **** 
    P-SPEC          STAGE   1  PRES, PSIA                   36.7399      
   **** TRAY MURPHREE EFFICIENCY **** 
                  SEGMENT   2 14  EFFICIENCY                 0.40000     
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                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
                             OUTLET STREAMS  
                             -------------- 
                  S-402        S-403    
    COMPONENT: 
    BENZENE     1.0000       .53948E-06 
    PHENOL      .74197E-02   .99258     
    WATER       1.0000       .33469E-09 
    ACETO-01    .99848       .15192E-02 
    ZINC--01    0.0000       1.0000     
  
   ***    SUMMARY OF KEY RESULTS    *** 
    TOP STAGE TEMPERATURE          F                       236.374       
    BOTTOM STAGE TEMPERATURE       F                       425.517       
    TOP STAGE LIQUID FLOW          LBMOL/HR                658.140       
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR                681.212       
    TOP STAGE VAPOR FLOW           LBMOL/HR              4,538.89        
    BOILUP VAPOR FLOW              LBMOL/HR              2,299.09        
    MOLAR REFLUX RATIO                                       0.14500     
    MOLAR BOILUP RATIO                                       3.37500     
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR           -8,168,640.          
    REBOILER DUTY                  BTU/HR                    0.440818+08 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
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    BUBBLE POINT                    0.11092E-06  STAGE= 18 
    COMPONENT MASS BALANCE          0.67939E-12  STAGE= 18 COMP=BENZENE  
    ENERGY BALANCE                  0.14221E-06  STAGE= 18 
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   ****    PROFILES   **** 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
   1   236.37        36.740        19667.       33588.      -.81686+07 
   2   237.75        36.840        18552.       33397.                 
   3   239.43        36.940        17008.       33301.                 
   4   241.91        37.040        14672.       33182.                 
   5   249.88        37.140        7335.3       33231.                 
   6   250.71        37.240        7381.9       33269.                 
  13   253.42        37.940        7482.1       33264.                 
  14   253.65        38.040        7483.0       33260.                 
  15   254.13        38.140        7275.9       33258.                 
  18   349.18        38.440       -36527.       17185.                 
  19   407.29        38.540       -46213.      -12440.                 
  20   425.52        38.640       -48263.      -26431.       .44082+08 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  658.1      4539.                                               4538.8938 
   2  642.0      5197.                                                         
   3  618.8      5181.                                                         
   4  557.7      5158.                1940.1645                                
   5  3841.      3156.      3279.9410                                          
   6  3847.      3160.                                                         
  13  3864.      3182.                                                         
  14  3865.      3183.                                                         
  15  3851.      3184.                                                         
  18  2843.      2506.                                                         
  19  2980.      2162.                                                         
  20  681.2      2299.                                      681.2116           
    ****  MASS FLOW PROFILES  **** 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.2850E+05 0.1949E+06                                           .19487+06 
   2 0.2824E+05 0.2234E+06                                                     
   3 0.2786E+05 0.2231E+06                                                     
   4 0.2598E+05 0.2227E+06            .85705+05                                
   5 0.1980E+06 0.1351E+06  .17298+06                                          
   6 0.1975E+06 0.1342E+06                                                     
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    ****  MASS FLOW PROFILES  **** 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
  13 0.1965E+06 0.1327E+06                                                     
  14 0.1965E+06 0.1327E+06                                                     
  15 0.1963E+06 0.1327E+06                                                     
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  18 0.2354E+06 0.1383E+06                                                     
  19 0.2727E+06 0.1716E+06                                                     
  20 0.6382E+05 0.2089E+06                                 .63817+05           
                         ****   MOLE-X-PROFILE     **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      ZINC--01 
      1    0.23300E-01   0.26437E-01   0.90549E-03   0.94936        0.0000     
      2    0.21484E-01   0.40740E-01   0.81963E-03   0.93696        0.0000     
      3    0.20952E-01   0.60444E-01   0.79956E-03   0.91781        0.0000     
      4    0.20351E-01   0.90282E-01   0.77430E-03   0.88859        0.0000     
      5    0.19270E-01   0.18431       0.64301E-03   0.79567       0.10402E-03 
      6    0.13429E-01   0.18414       0.35204E-03   0.80197       0.10388E-03 
     13    0.97032E-03   0.18368       0.50242E-05   0.81524       0.10340E-03 
     14    0.66353E-03   0.18374       0.27301E-05   0.81549       0.10339E-03 
     15    0.30682E-03   0.18649       0.87696E-06   0.81310       0.10376E-03 
     18    0.10493E-04   0.78636       0.51398E-08   0.21349       0.14054E-03 
     19    0.14925E-05   0.95037       0.20534E-09   0.49492E-01   0.13408E-03 
     20    0.18319E-06   0.98983       0.64507E-11   0.95805E-02   0.58658E-03 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      ZINC--01 
      1    0.50965E-01   0.11105E-02   0.28927E-02   0.94503        0.0000     
      2    0.47461E-01   0.43178E-02   0.26410E-02   0.94558       0.20006E-83 
      3    0.47311E-01   0.60214E-02   0.26358E-02   0.94403       0.33344E-83 
      4    0.47364E-01   0.82292E-02   0.26415E-02   0.94177       0.55573E-83 
      5    0.33329E-01   0.10559E-01   0.14249E-02   0.95469       0.87258E-83 
      6    0.23423E-01   0.10676E-01   0.78162E-03   0.96512       0.87246E-83 
     13    0.17220E-02   0.11084E-01   0.11218E-04   0.98718       0.86493E-83 
     14    0.11779E-02   0.11158E-01   0.60993E-05   0.98766       0.86465E-83 
     15    0.80547E-03   0.11259E-01   0.33143E-05   0.98793       0.86519E-83 
     18    0.64241E-04   0.26616       0.78118E-07   0.73377       0.10593E-82 
     19    0.13742E-04   0.72225       0.67573E-08   0.27774       0.97958E-83 
     20    0.18805E-05   0.93868       0.26427E-09   0.61318E-01   0.42550E-82 
                         ****   K-VALUES           **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      ZINC--01 
      1     2.1873       0.42005E-01    3.1946       0.99544       0.85683E-79 
      2     2.2196       0.43257E-01    3.2318        1.0117       0.85537E-79 
      3     2.2544       0.44832E-01    3.2857        1.0323       0.85248E-79 
      4     2.3089       0.47315E-01    3.3741        1.0647       0.84872E-79 
      5     2.5007       0.56336E-01    3.7167        1.1802       0.83903E-79 
      6     2.5378       0.57252E-01    3.7278        1.1896       0.84087E-79 
     13     2.6158       0.59747E-01    3.7612        1.2100       0.83688E-79 
     14     2.6173       0.59903E-01    3.7642        1.2106       0.83550E-79 
     15     2.6252       0.60374E-01    3.7793        1.2150       0.83387E-79 
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                         ****   K-VALUES           **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      ZINC--01 
     18     6.1220       0.33847        15.198        3.4371       0.75371E-79 
     19     9.2072       0.75996        32.907        5.6118       0.73061E-79 
     20     10.265       0.94832        40.968        6.4003       0.72538E-79 
                         ****   MASS-X-PROFILE     **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      ZINC--01 
      1    0.42035E-01   0.57464E-01   0.37675E-03   0.90012        0.0000     
      2    0.38149E-01   0.87157E-01   0.33565E-03   0.87436        0.0000     
      3    0.36355E-01   0.12636       0.31997E-03   0.83696        0.0000     
      4    0.34128E-01   0.18241       0.29947E-03   0.78316        0.0000     
      5    0.29199E-01   0.33649       0.22471E-03   0.63363       0.45441E-03 
      6    0.20435E-01   0.33761       0.12355E-03   0.64137       0.45571E-03 
     13    0.14905E-02   0.33993       0.17799E-05   0.65812       0.45790E-03 
     14    0.10194E-02   0.34010       0.96732E-06   0.65842       0.45793E-03 
     15    0.47014E-03   0.34428       0.30991E-06   0.65479       0.45835E-03 
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     18    0.98991E-05   0.89376       0.11183E-08   0.10584       0.38223E-03 
     19    0.12741E-05   0.97746       0.40428E-10   0.22204E-01   0.32997E-03 
     20    0.15275E-06   0.99439       0.12405E-11   0.41983E-02   0.14101E-02 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      ZINC--01 
      1    0.92725E-01   0.24342E-02   0.12138E-02   0.90363        0.0000     
      2    0.86259E-01   0.94546E-02   0.11070E-02   0.90318       0.10483E-82 
      3    0.85817E-01   0.13159E-01   0.11026E-02   0.89992       0.17436E-82 
      4    0.85675E-01   0.17934E-01   0.11020E-02   0.89529       0.28981E-82 
      5    0.60806E-01   0.23210E-01   0.59956E-03   0.91538       0.45896E-82 
      6    0.43082E-01   0.23658E-01   0.33156E-03   0.93293       0.46263E-82 
     13    0.32254E-02   0.25014E-01   0.48461E-05   0.97176       0.46705E-82 
     14    0.22072E-02   0.25190E-01   0.26358E-05   0.97260       0.46708E-82 
     15    0.15096E-02   0.25423E-01   0.14326E-05   0.97307       0.46747E-82 
     18    0.90945E-04   0.45398       0.25505E-07   0.54593       0.43233E-82 
     19    0.13524E-04   0.85634       0.15336E-08   0.14364       0.27792E-82 
     20    0.16167E-05   0.97229       0.52399E-10   0.27705E-01   0.10546E-81 
                         ****   MURPHREE EFF       **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      ZINC--01 
      1     1.0000        1.0000        1.0000        1.0000        1.0000     
      2    0.40000       0.40000       0.40000       0.40000       0.40000     
      3    0.40000       0.40000       0.40000       0.40000       0.40000     
      4    0.40000       0.40000       0.40000       0.40000       0.40000     
      5    0.40000       0.40000       0.40000       0.40000       0.40000     
      6    0.40000       0.40000       0.40000       0.40000       0.40000     
     13    0.40000       0.40000       0.40000       0.40000       0.40000     
     14    0.40000       0.40000       0.40000       0.40000       0.40000     
     15     1.0000        1.0000        1.0000        1.0000        1.0000     
     18     1.0000        1.0000        1.0000        1.0000        1.0000     
     19     1.0000        1.0000        1.0000        1.0000        1.0000     
     20     1.0000        1.0000        1.0000        1.0000        1.0000     
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                    ******************************** 
                    ***** HYDRAULIC PARAMETERS ***** 
                    ******************************** 
 
       *** DEFINITIONS *** 
        MARANGONI INDEX = SIGMA - SIGMATO 
        FLOW PARAM = (ML/MV)*SQRT(RHOV/RHOL) 
        QR = QV*SQRT(RHOV/(RHOL-RHOV)) 
        F FACTOR = QV*SQRT(RHOV) 
          WHERE: 
          SIGMA IS THE SURFACE TENSION OF LIQUID FROM THE STAGE 
          SIGMATO IS THE SURFACE TENSION OF LIQUID TO THE STAGE 
          ML IS THE MASS FLOW OF LIQUID FROM THE STAGE 
          MV IS THE MASS FLOW OF VAPOR TO THE STAGE 
          RHOL IS THE MASS DENSITY OF LIQUID FROM THE STAGE 
          RHOV IS THE MASS DENSITY OF VAPOR TO THE STAGE 
          QV IS THE VOLUMETRIC FLOW RATE OF VAPOR TO THE STAGE 
 
                     TEMPERATURE 
                         F    
 STAGE       LIQUID FROM       VAPOR TO 
    1         236.37            237.75     
    2         237.75            239.43     
    3         239.43            241.91     
    4         241.91            249.99     
    5         249.88            250.71     
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    6         250.71            251.36     
   13         253.42            253.65     
   14         253.65            254.13     
   15         254.13            257.04     
   18         349.18            407.29     
   19         407.29            425.52     
   20         425.52            425.52     
 
             MASS FLOW                VOLUME FLOW         MOLECULAR WEIGHT 
              LB/HR                    CUFT/HR  
 STAGE LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO 
    1   28496.     0.22337E+06  660.57     0.10046E+07  43.298      42.980     
    2   28244.     0.22311E+06  648.33     0.10013E+07  43.992      43.065     
    3   27857.     0.22273E+06  630.69     0.99796E+06  45.018      43.184     
    4   25975.     0.22085E+06  576.42     0.99903E+06  46.579      43.333     
    5  0.19803E+06 0.13421E+06  4155.5     0.61669E+06  51.551      42.469     
    6  0.19746E+06 0.13365E+06  4151.6     0.61664E+06  51.332      42.219     
   13  0.19652E+06 0.13270E+06  4152.5     0.61034E+06  50.853      41.688     
   14  0.19651E+06 0.13269E+06  4153.3     0.60919E+06  50.846      41.680     
   15  0.19633E+06 0.13251E+06  4144.4     0.60771E+06  50.978      41.801     
   18  0.23542E+06 0.17161E+06  4205.6     0.50218E+06  82.803      79.376     
   19  0.27271E+06 0.20889E+06  4885.9     0.54315E+06  91.505      90.859     
   20   63817.      0.0000      1148.9      0.0000      93.682     
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               DENSITY                  VISCOSITY         SURFACE TENSION 
               LB/CUFT                   CP                  DYNE/CM  
 STAGE LIQUID FROM  VAPOR TO     LIQUID FROM  VAPOR TO      LIQUID FROM 
    1   43.139      0.22235      0.18265      0.95798E-02    18.001     
    2   43.563      0.22283      0.18522      0.96092E-02    18.098     
    3   44.170      0.22318      0.18900      0.96530E-02    18.249     
    4   45.063      0.22106      0.19470      0.97749E-02    18.482     
    5   47.654      0.21763      0.21199      0.96370E-02    19.216     
    6   47.564      0.21673      0.21078      0.96015E-02    19.151     
   13   47.325      0.21742      0.20732      0.95366E-02    18.961     
   14   47.314      0.21781      0.20710      0.95409E-02    18.946     
   15   47.372      0.21805      0.20731      0.95902E-02    18.952     
   18   55.979      0.34172      0.18793      0.12354E-01    21.254     
   19   55.816      0.38460      0.12674      0.12011E-01    20.128     
   20   55.547                   0.11064                     19.644     
 
       MARANGONI INDEX   FLOW PARAM          QR          REDUCED F-FACTOR 
 STAGE    DYNE/CM                          CUFT/HR       (LB-CUFT)**.5/HR 
    1                    0.91592E-02       72308.          0.47369E+06 
    2   0.96373E-01      0.90535E-02       71795.          0.47265E+06 
    3   0.15095          0.88906E-02       71118.          0.47146E+06 
    4   0.23283          0.82379E-02       70144.          0.46972E+06 
    5   -.67404E-01      0.99712E-01       41771.          0.28769E+06 
    6   -.64508E-01      0.99736E-01       41721.          0.28708E+06 
   13   -.15962E-01      0.10038           41465.          0.28459E+06 
   14   -.14341E-01      0.10048           41429.          0.28431E+06 
   15   0.58247E-02      0.10052           41325.          0.28378E+06 
   18   0.76205          0.10719           39356.          0.29356E+06 
   19   -1.1261          0.10837           45242.          0.33684E+06 
   20   -.48350                            0.0000           0.0000     
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                 ************************************  
                 ***** TRAY SIZING CALCULATIONS *****  
                 ************************************  
 
    ******************* 
    *** SECTION   1 *** 
    ******************* 
    STARTING STAGE NUMBER                                         2 
    ENDING STAGE NUMBER                                          14 
    FLOODING CALCULATION METHOD                               GLITSCH  
    DESIGN PARAMETERS              
    -----------------              
    PEAK CAPACITY FACTOR                                      1.00000     
    SYSTEM FOAMING FACTOR                                     1.00000     
    FLOODING FACTOR                                           0.80000     
    MINIMUM COLUMN DIAMETER         FT                        1.00000     
    MINIMUM DC AREA/COLUMN AREA                               0.100000    
    HOLE AREA/ACTIVE AREA                                     0.12000     
    TRAY SPECIFICATIONS         
    -------------------         
    TRAY TYPE                                                 SIEVE        
    NUMBER OF PASSES                                              4 
    TRAY SPACING                    FT                        2.00000     
 
            ***** SIZING RESULTS @ STAGE WITH MAXIMUM DIAMETER ***** 
    STAGE WITH MAXIMUM DIAMETER                                   2 
    COLUMN DIAMETER                 FT                       10.8763      
    DC AREA/COLUMN AREA                                       0.11272     
    SIDE DOWNCOMER VELOCITY         FT/SEC                    0.017197    
    FLOW PATH LENGTH                FT                        1.96933     
    SIDE DOWNCOMER WIDTH            FT                        0.71734     
    SIDE WEIR LENGTH                FT                        5.39903     
    CENTER DOWNCOMER WIDTH          FT                        0.48158     
    CENTER WEIR LENGTH              FT                       10.8656      
    OFF-CENTER DOWNCOMER WIDTH      FT                        0.54135     
    OFF-CENTER SHORT WEIR LENGTH    FT                        9.38141     
    OFF-CENTER LONG WEIR LENGTH     FT                        9.93755     
    TRAY CENTER TO OCDC CENTER      FT                        2.48080     
 
                          **** SIZING PROFILES **** 
       STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                                            PER PANEL      PER PANEL 
                  FT            SQFT         SQFT           SQFT     
          2       10.876        92.907       17.991        2.6181     
          3       10.876        92.907       17.991        2.6181     
          4       10.876        92.907       17.991        2.6181     
          5       7.3270        42.164       8.4327        1.0541     
          6       7.3224        42.111       8.4222        1.0528     
          7       7.3183        42.064       8.4129        1.0516     
          8       7.3147        42.023       8.4046        1.0506     
          9       7.3115        41.986       8.3972        1.0496     
         10       7.3085        41.952       8.3904        1.0488     
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       STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                                            PER PANEL      PER PANEL 
                  FT            SQFT         SQFT           SQFT     
         11       7.3058        41.920       8.3840        1.0480     
         12       7.3032        41.890       8.3780        1.0473     
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         13       7.3006        41.861       8.3722        1.0465     
         14       7.2977        41.827       8.3655        1.0457     
 BLOCK:  D-402    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-407    STAGE   1 
    OUTLETS  - S-416    STAGE   1 
               S-408    STAGE  10 
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1664.17         1664.17         0.00000     
       MASS(LB/HR   )            33644.1         33644.1        0.432524E-15 
       ENTHALPY(BTU/HR  )      -0.175923E+09   -0.171850E+09   -0.231528E-01 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
   ****   INPUT PARAMETERS   **** 
    NUMBER OF STAGES                                        10 
    ALGORITHM OPTION                                      NONIDEAL     
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        NEWTON   
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                 200 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
   ****   COL-SPECS   **** 
    MOLAR VAPOR DIST / TOTAL DIST                            1.00000     
    MOLAR BOILUP RATIO                                       0.18000     
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                    0.0         
   ****    PROFILES   **** 
    P-SPEC          STAGE   1  PRES, PSIA                   36.7399      
   **** TRAY MURPHREE EFFICIENCY **** 
                  SEGMENT   2  9  EFFICIENCY                 0.40000     
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                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
                             OUTLET STREAMS  
                             -------------- 
                  S-416        S-408    
    COMPONENT: 
    BENZENE     1.0000       .16571E-14 
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    PHENOL      .10955       .89045     
    WATER       .13770       .86230     
    ACETO-01    .92455       .75448E-01 
    OXYGEN      1.0000       .17099E-13 
  
   ***    SUMMARY OF KEY RESULTS    *** 
    TOP STAGE TEMPERATURE          F                       234.582       
    BOTTOM STAGE TEMPERATURE       F                       258.274       
    TOP STAGE LIQUID FLOW          LBMOL/HR              1,545.81        
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR              1,310.94        
    TOP STAGE VAPOR FLOW           LBMOL/HR                353.231       
    BOILUP VAPOR FLOW              LBMOL/HR                235.970       
    MOLAR BOILUP RATIO                                       0.18000     
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                    0.0         
    REBOILER DUTY                  BTU/HR            4,072,980.          
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
    DEW POINT                       0.31906E-09  STAGE=  1 
    BUBBLE POINT                    0.64542E-08  STAGE=  1 
    COMPONENT MASS BALANCE          0.15397E-13  STAGE=  3 COMP=BENZENE  
    ENERGY BALANCE                  0.20011E-08  STAGE=  1 
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   ****    PROFILES   **** 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
   1   234.58        36.740      -0.11120E+06  -47215.                 
   2   237.10        36.840      -0.11148E+06  -53827.                 
   3   238.24        36.940      -0.11195E+06  -56304.                 
   9   251.30        37.540      -0.11664E+06  -83887.                 
  10   258.27        37.640      -0.11837E+06  -89760.       .40730+07 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  1546.      353.2      1540.8330  123.3400                       353.2307 
   2  1549.      234.9                                                         
   3  1548.      237.6                                                         
   9  1547.      235.7                                                         
  10  1311.      236.0                                     1310.9423           
    ****  MASS FLOW PROFILES  **** 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.3010E+05  9718.      .30129+05 3515.5429                      9717.5625 
   2 0.3007E+05  6174.                                                         
   3 0.2994E+05  6146.                                                         
   9 0.2870E+05  5001.                                                         
  10 0.2393E+05  4771.                                     .23927+05           
                         ****   MOLE-X-PROFILE     **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      OXYGEN   
      1    0.19250E-04   0.52506E-03   0.93795       0.61415E-01   0.94753E-04 
      2    0.10444E-05   0.52923E-03   0.94024       0.59221E-01   0.55594E-05 
      3    0.53641E-07   0.53486E-03   0.94370       0.55764E-01   0.31804E-06 
      9    0.22431E-15   0.58872E-03   0.97807       0.21337E-01   0.65190E-14 
     10    0.24380E-17   0.56134E-03   0.99104       0.83968E-02   0.11540E-15 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  D-402    MODEL: RADFRAC (CONTINUED)          
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      OXYGEN   
      1    0.54600E-02   0.25631E-03   0.58736       0.38187       0.25047E-01 
      2    0.12669E-03   0.32260E-03   0.64158       0.35735       0.62363E-03 
      3    0.68072E-05   0.35205E-03   0.65993       0.33967       0.36236E-04 
      9    0.45467E-13   0.68175E-03   0.86263       0.13669       0.89257E-12 
     10    0.14569E-14   0.74088E-03   0.90603       0.93227E-01   0.42095E-13 
                         ****   K-VALUES           **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      OXYGEN   
      1     283.65       0.48815       0.62622        6.2179        264.34     
      2     293.50       0.52611       0.65308        6.4817        270.67     
      3     307.47       0.55570       0.66403        6.6880        275.05     
      9     497.00        1.0074       0.81541        9.4613        332.61     
     10     597.60        1.3198       0.91422        11.103        364.78     
                         ****   MASS-X-PROFILE     **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      OXYGEN   
      1    0.77219E-04   0.25377E-02   0.86775       0.12948       0.15570E-03 
      2    0.42008E-05   0.25647E-02   0.87223       0.12519       0.91603E-05 
      3    0.21665E-06   0.26027E-02   0.87903       0.11837       0.52620E-06 
      9    0.94449E-15   0.29866E-02   0.94980       0.47216E-01   0.11244E-13 
     10    0.10434E-16   0.28945E-02   0.97822       0.18887E-01   0.20232E-15 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      OXYGEN   
      1    0.15503E-01   0.87683E-03   0.38463       0.56985       0.29134E-01 
      2    0.37646E-03   0.11549E-02   0.43967       0.55804       0.75910E-03 
      3    0.20556E-04   0.12808E-02   0.45959       0.53906       0.44824E-04 
      9    0.16740E-12   0.30242E-02   0.73249       0.26449       0.13462E-11 
     10    0.56286E-14   0.34485E-02   0.80727       0.18928       0.66619E-13 
                         ****   MURPHREE EFF       **** 
   STAGE     BENZENE       PHENOL        WATER         ACETO-01      OXYGEN   
      1     1.0000        1.0000        1.0000        1.0000        1.0000     
      2    0.40000       0.40000       0.40000       0.40000       0.40000     
      3    0.40000       0.40000       0.40000       0.40000       0.40000     
      9    0.40000       0.40000       0.40000       0.40000       0.40000     
     10     1.0000        1.0000        1.0000        1.0000        1.0000     
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/31/2012  PAGE 41   
                                                                                 
                              U-O-S BLOCK SECTION                                
 BLOCK:  D-402    MODEL: RADFRAC (CONTINUED)          
 
                    ******************************** 
                    ***** HYDRAULIC PARAMETERS ***** 
                    ******************************** 
 
       *** DEFINITIONS *** 
        MARANGONI INDEX = SIGMA - SIGMATO 
        FLOW PARAM = (ML/MV)*SQRT(RHOV/RHOL) 
        QR = QV*SQRT(RHOV/(RHOL-RHOV)) 
        F FACTOR = QV*SQRT(RHOV) 
          WHERE: 
          SIGMA IS THE SURFACE TENSION OF LIQUID FROM THE STAGE 
          SIGMATO IS THE SURFACE TENSION OF LIQUID TO THE STAGE 
          ML IS THE MASS FLOW OF LIQUID FROM THE STAGE 
          MV IS THE MASS FLOW OF VAPOR TO THE STAGE 
          RHOL IS THE MASS DENSITY OF LIQUID FROM THE STAGE 
          RHOV IS THE MASS DENSITY OF VAPOR TO THE STAGE 
          QV IS THE VOLUMETRIC FLOW RATE OF VAPOR TO THE STAGE 
 
                     TEMPERATURE 
                         F    
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 STAGE       LIQUID FROM       VAPOR TO 
    1         234.58            237.10     
    2         237.10            238.24     
    3         238.24            239.54     
    9         251.30            258.27     
   10         258.27            258.27     
 
             MASS FLOW                VOLUME FLOW         MOLECULAR WEIGHT 
              LB/HR                    CUFT/HR  
 STAGE LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO 
    1   30101.      6174.2      535.26      46460.      19.473      26.288     
    2   30072.      6145.6      534.51      46971.      19.420      25.868     
    3   29943.      6016.6      531.12      46902.      19.341      25.359     
    9   28698.      4771.2      497.98      47460.      18.552      20.219     
   10   23927.      0.0000      411.71      0.0000      18.251     
 
               DENSITY                  VISCOSITY         SURFACE TENSION 
               LB/CUFT                   CP                  DYNE/CM  
 STAGE LIQUID FROM  VAPOR TO     LIQUID FROM  VAPOR TO      LIQUID FROM 
    1   56.235      0.13289      0.24053      0.11543E-01    53.454     
    2   56.261      0.13084      0.23757      0.11626E-01    53.275     
    3   56.378      0.12828      0.23643      0.11741E-01    53.286     
    9   57.628      0.10053      0.22358      0.13101E-01    53.176     
   10   58.115                   0.21687                     52.897     
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       MARANGONI INDEX   FLOW PARAM          QR          REDUCED F-FACTOR 
 STAGE    DYNE/CM                          CUFT/HR       (LB-CUFT)**.5/HR 
    1                    0.23700           2261.2           16937.     
    2   -.17825          0.23597           2267.8           16990.     
    3   0.10307E-01      0.23740           2239.8           16799.     
    9   -.86095E-01      0.25122           1984.0           15048.     
   10   -.27931                            0.0000           0.0000     
 
 
                 ************************************  
                 ***** TRAY SIZING CALCULATIONS *****  
                 ************************************  
 
    ******************* 
    *** SECTION   1 *** 
    ******************* 
    STARTING STAGE NUMBER                                         2 
    ENDING STAGE NUMBER                                           9 
    FLOODING CALCULATION METHOD                               GLITSCH  
    DESIGN PARAMETERS              
    -----------------              
    PEAK CAPACITY FACTOR                                      1.00000     
    SYSTEM FOAMING FACTOR                                     1.00000     
    FLOODING FACTOR                                           0.80000     
    MINIMUM COLUMN DIAMETER         FT                        1.00000     
    MINIMUM DC AREA/COLUMN AREA                               0.100000    
    HOLE AREA/ACTIVE AREA                                     0.12000     
    TRAY SPECIFICATIONS         
    -------------------         
    TRAY TYPE                                                 SIEVE        
    NUMBER OF PASSES                                              4 
    TRAY SPACING                    FT                        2.00000     
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            ***** SIZING RESULTS @ STAGE WITH MAXIMUM DIAMETER ***** 
    STAGE WITH MAXIMUM DIAMETER                                   2 
    COLUMN DIAMETER                 FT                        1.71630     
    DC AREA/COLUMN AREA                                       0.11522     
    SIDE DOWNCOMER VELOCITY         FT/SEC                    0.55700     
    FLOW PATH LENGTH                FT                        0.30856     
    SIDE DOWNCOMER WIDTH            FT                        0.11489     
    SIDE WEIR LENGTH                FT                        0.85787     
    CENTER DOWNCOMER WIDTH          FT                        0.077682    
    CENTER WEIR LENGTH              FT                        1.71454     
    OFF-CENTER DOWNCOMER WIDTH      FT                        0.087300    
    OFF-CENTER SHORT WEIR LENGTH    FT                        1.47980     
    OFF-CENTER LONG WEIR LENGTH     FT                        1.56937     
    TRAY CENTER TO OCDC CENTER      FT                        0.39105     
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                          **** SIZING PROFILES **** 
       STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                                            PER PANEL      PER PANEL 
                  FT            SQFT         SQFT           SQFT     
          2       1.7163        2.3135      0.44510       0.66640E-01 
          3       1.7068        2.2880      0.43956       0.66217E-01 
          4       1.6948        2.2560      0.43262       0.65690E-01 
          5       1.6809        2.2191      0.42464       0.65073E-01 
          6       1.6654        2.1783      0.41582       0.64377E-01 
          7       1.6488        2.1350      0.40651       0.63625E-01 
          8       1.6366        2.1035      0.40018       0.62853E-01 
          9       1.6270        2.0792      0.39562       0.62086E-01 
 BLOCK:  DC-301   MODEL: DECANTER         
 -------------------------------- 
   INLET STREAM:          S-308    
   FIRST LIQUID OUTLET:   S-309    
   SECOND LIQUID OUTLET:  S-305    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5207.91         5207.91       -0.323923E-06 
       MASS(LB/HR   )            204659.         204659.       -0.711295E-06 
       ENTHALPY(BTU/HR  )      -0.153250E+09   -0.173089E+09    0.114620     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                          ***  INPUT DATA  *** 
   LIQUID-LIQUID SPLIT, TP SPECIFICATION 
   SPECIFIED TEMPERATURE               F                         41.0000      
   SPECIFIED PRESSURE                  PSIA                   58.7838      
   CONVERGENCE TOLERANCE ON EQUILIBRIUM                       0.10000E-03 
   MAXIMUM NO ITERATIONS ON EQUILIBRIUM                       30 
   EQUILIBRIUM METHOD                           EQUATION-SOLVING 
   KLL COEFFICIENTS FROM                       OPTION SET OR EOS 
   KLL BASIS                                                MOLE 
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   KEY COMPONENT(S):       BENZENE   ACETO-01  PHENOL             
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE      F                                  41.000     
   OUTLET PRESSURE         PSIA                               58.784     
   CALCULATED HEAT DUTY    BTU/HR                           -0.19840E+08 
   MOLAR RATIO 1ST LIQUID / TOTAL LIQUID                     0.31955     
   L1-L2 PHASE EQUILIBRIUM :  
      COMP          F             X1            X2            K 
      BENZENE    0.17300       0.0011589     0.25370       218.914      
      PHENOL     0.0032361     0.00049659    0.0045227     9.10742      
      WATER      0.35952       0.90536       0.10319       0.11398      
      ACETO-01   0.45807       0.087670      0.63201       7.20898      
      OXYGEN     0.0061690     0.0053164     0.0065694     1.23569      
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR WATER                    CHILLWAT 
  RATE OF CONSUMPTION                    6.6132+05  LB/HR            
  COST                                    115.1253  $/HR             
 BLOCK:  F-201    MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          S-204    
   OUTLET VAPOR STREAM:   S-206    
   OUTLET LIQUID STREAM:  S-210    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            851.090         851.090         0.00000     
       MASS(LB/HR   )            27401.2         27401.2        0.663836E-15 
       ENTHALPY(BTU/HR  )      -0.438436E+08   -0.438488E+08    0.119609E-03 
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                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 149.000       
   SPECIFIED PRESSURE    PSIA                              146.959       
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    149.00     
   OUTLET PRESSURE       PSIA                                 146.96     
   HEAT DUTY             BTU/HR                              -5244.7     
   VAPOR FRACTION                                            0.31505E-01 
 
   V-L PHASE EQUILIBRIUM :  
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.85354E-01    0.86289E-01    0.56620E-01    0.65617     
      PHENOL           0.24289E-02    0.25078E-02    0.28351E-05    0.11305E-02 
      WATER            0.49723        0.51258        0.25465E-01    0.49681E-01 
      ACETO-01         0.33828        0.34819        0.33559E-01    0.96380E-01 
      OXYGEN           0.76708E-01    0.50435E-01    0.88435         17.535     
 BLOCK:  F-401    MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          S-404    
   OUTLET VAPOR STREAM:   S-405    
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   OUTLET LIQUID STREAM:  S-425    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            681.212         681.212         0.00000     
       MASS(LB/HR   )            63817.0         63817.0         0.00000     
       ENTHALPY(BTU/HR  )      -0.328776E+08   -0.212971E+08   -0.352231     
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                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 392.000       
   SPECIFIED PRESSURE    PSIA                               22.0439      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    392.00     
   OUTLET PRESSURE       PSIA                                 22.044     
   HEAT DUTY             BTU/HR                              0.11581E+08 
   VAPOR FRACTION                                            0.99162     
 
   V-L PHASE EQUILIBRIUM :  
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.18319E-06    0.13498E-07    0.18463E-06     13.678     
      PHENOL           0.98983        0.92889        0.99035         1.0662     
      WATER            0.64507E-11    0.15227E-12    0.65039E-11     42.714     
      ACETO-01         0.95805E-02    0.11255E-02    0.96520E-02     8.5755     
      ZINC--01         0.58658E-03    0.69989E-01    0.80523E-80    0.11505E-78 
 BLOCK:  FR-501A1 MODEL: RCSTR            
 ----------------------------- 
   INLET STREAMS:         S-424       S-503    
   OUTLET STREAM:         INT13    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         1.97848       1.97848      0.793664E-13 -0.224460E-15 
   MASS(LB/HR   )         162.779       162.779                   -0.165873E-13 
   ENTHALPY(BTU/HR  )    -75345.8      -27368.0                   -0.636769     
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                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    REACTOR TYPE: TEMP SPEC TWO     PHASE REACTOR 
    RESIDENCE TIME                     HR                         4.0000     
    REACTOR TEMPERATURE                F                          752.00     
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    REACTOR PRESSURE                   PSIA                       14.696     
    REACTION PARAGRAPH            ID:  R-1            TYPE:  GENERAL 
    GLOBAL BASES: 
    KBASIS                                                   MOLE-GAMMA   
    CBASIS                                                   MOLARITY     
    SBASIS                                                   GLOBAL   
    STOICHIOMETRY:          
    REACTION NUMBER:          1 
      SUBSTREAM:  MIXED    
        BENZENE    -1.0000      PHENOL      1.0000      WATER       1.0000      
HYDRO-01   -1.0000     
    REAC-DATA ENTRIES: 
      REACTION NO    TYPE     PHASE        DELT             BASIS 
                                              F    
          1        EQUIL        L        0.0000           MOLE-GAMMA   
 
                           ***  RESULTS  *** 
    REACTOR HEAT DUTY                  BTU/HR                     47978.     
    REACTOR VOLUME                     CUFT                       6621.2     
    VAPOR PHASE VOLUME FRACTION                                  0.99967     
    VAPOR PHASE VOLUME                 CUFT                       6619.0     
    LIQUID PHASE VOLUME                CUFT                       2.2076     
 
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR GAS                          FIRE 
  RATE OF CONSUMPTION                       4.7978  LB/HR            
  COST                                      0.4021  $/HR             
 BLOCK:  FR-501A2 MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          INT13    
   OUTLET VAPOR STREAM:   S-505    
   OUTLET LIQUID STREAM:  S-504    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
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                              U-O-S BLOCK SECTION                                
 BLOCK:  FR-501A2 MODEL: FLASH2 (CONTINUED)           
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1.97848         1.97848       -0.224460E-15 
       MASS(LB/HR   )            162.779         162.779        0.289020E-11 
       ENTHALPY(BTU/HR  )       -27368.0        -27368.0        0.132928E-15 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 752.000       
   SPECIFIED PRESSURE    PSIA                               14.6959      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    752.00     
   OUTLET PRESSURE       PSIA                                 14.696     
   HEAT DUTY             BTU/HR                               0.0000     
   VAPOR FRACTION                                            0.94826     
 
   V-L PHASE EQUILIBRIUM :  
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      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.97378E-08    0.25100E-09    0.10255E-07     40.858     
      PHENOL           0.67012        0.24101E-01    0.70537         29.268     
      WATER            0.10985E-12    0.84547E-15    0.11580E-12     136.96     
      ACETO-01         0.81198E-03    0.15401E-04    0.85545E-03     55.545     
      HYDRO-01         0.40115E-13    0.51537E-15    0.42276E-13     82.030     
      NITROGEN         0.27858        0.24684E-04    0.29377         11901.     
      ZINC--01         0.50492E-01    0.97586        0.14764E-78    0.15129E-78 
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR GAS                          FIRE 
  RATE OF CONSUMPTION                       0.0     LB/HR            
  COST                                      0.0     $/HR             
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                              U-O-S BLOCK SECTION                                
 BLOCK:  HX-201   MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:          S-201    
   OUTLET STREAM:         S-202    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
   COLD SIDE: 
   ---------- 
   INLET STREAM:          S-309    
   OUTLET STREAM:         S-212    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            2047.00         2047.00         0.00000     
       MASS(LB/HR   )            46749.0         46749.0         0.00000     
       ENTHALPY(BTU/HR  )      -0.195173E+09   -0.195173E+09   -0.152697E-15 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED HOT OUTLET TEMP      
     SPECIFIED VALUE                F                       77.0000 
     LMTD CORRECTION FACTOR                                  1.00000 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  HX-201   MODEL: HEATX (CONTINUED)            
   PRESSURE SPECIFICATION: 
     HOT  SIDE OUTLET PRESSURE      PSIA                   161.6554 
     COLD SIDE OUTLET PRESSURE      PSIA                    51.4358 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      BTU/HR-SQFT-R          149.6937 
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     HOT 2-PHASE   COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD VAPOR       BTU/HR-SQFT-R          149.6937 
                        ***  OVERALL RESULTS  *** 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-201     ----->|                HOT                 |-----> S-202    
   T=  4.5261D+02  |                                    |       T=  7.7000D+01 
   P=  1.6900D+02  |                                    |       P=  1.6166D+02 
   V=  1.0000D+00  |                                    |       V=  0.0000D+00 
                   |                                    | 
   S-212     <-----|                COLD                |<----- S-309    
   T=  2.4744D+02  |                                    |       T=  4.1000D+01 
   P=  5.1436D+01  |                                    |       P=  5.8784D+01 
   V=  5.2205D-02  |                                    |       V=  0.0000D+00 
                   -------------------------------------- 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           BTU/HR             7577398.1582 
     CALCULATED (REQUIRED) AREA     SQFT                   638.2220 
     ACTUAL EXCHANGER AREA          SQFT                   638.2220 
     PER CENT OVER-DESIGN                                    0.0000 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    BTU/HR-SQFT-R          149.6937 
     UA (DIRTY)                     BTU/HR-R             95537.7808 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               F                       79.3131 
     NUMBER OF SHELLS IN SERIES                               1 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 PSI                      7.3480 
     COLDSIDE, TOTAL                PSI                      7.3480 
   PRESSURE DROP PARAMETER: 
     HOT SIDE:                                            0.36953E+06 
     COLD SIDE:                                           0.22436E+06 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  HX-201   MODEL: HEATX (CONTINUED)            
                        ***  ZONE RESULTS  *** 
   TEMPERATURE LEAVING EACH ZONE: 
                                     HOT  
         ------------------------------------------------------------- 
         |                   |                   |                   | 
 S-201   |        VAP        |        COND       |        COND       | S-202    
 ------> |                   |                   |                   |------> 
  452.6  |              318.3|              302.2|                   |   77.0 
         |                   |                   |                   | 
 S-212   |        BOIL       |        BOIL       |        LIQ        | S-309    
 <------ |                   |                   |                   |<------ 
  247.4  |              241.2|              185.3|                   |   41.0 
         |                   |                   |                   | 
         ------------------------------------------------------------- 
                                     COLD 
   ZONE HEAT TRANSFER AND AREA: 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              BTU/HR          SQFT        F         BTU/HR-SQFT-R   BTU/HR-R         
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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     1     749509.950        38.2718     130.8264   149.6937        5729.0429 
     2    2345843.789       163.9517      95.5828   149.6937       24542.5341 
     3    4482044.420       435.9985      68.6733   149.6937       65266.2037 
 BLOCK:  HX-202   MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:          S-205    
   OUTLET STREAM:         S-223    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
   COLD SIDE: 
   ---------- 
   INLET STREAM:          S-214    
   OUTLET STREAM:         S-215    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            10389.1         10389.1         0.00000     
       MASS(LB/HR   )            193022.         193022.         0.00000     
       ENTHALPY(BTU/HR  )      -0.123609E+10   -0.123609E+10     0.00000     
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                              U-O-S BLOCK SECTION                                
 BLOCK:  HX-202   MODEL: HEATX (CONTINUED)            
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED HOT OUTLET TEMP      
     SPECIFIED VALUE                F                      200.9300 
     LMTD CORRECTION FACTOR                                  1.00000 
   PRESSURE SPECIFICATION: 
     HOT  SIDE OUTLET PRESSURE      PSIA                   146.9595 
     COLD SIDE OUTLET PRESSURE      PSIA                    14.6959 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD VAPOR       BTU/HR-SQFT-R          149.6937 
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 BLOCK:  HX-202   MODEL: HEATX (CONTINUED)            
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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                        ***  OVERALL RESULTS  *** 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-205     ----->|                HOT                 |-----> S-223    
   T=  4.5938D+02  |                                    |       T=  2.0093D+02 
   P=  1.5431D+02  |                                    |       P=  1.4696D+02 
   V=  1.0000D+00  |                                    |       V=  9.1361D-02 
                   |                                    | 
   S-215     <-----|                COLD                |<----- S-214    
   T=  1.1962D+02  |                                    |       T=  7.7076D+01 
   P=  1.4696D+01  |                                    |       P=  2.2044D+01 
   V=  0.0000D+00  |                                    |       V=  0.0000D+00 
                   -------------------------------------- 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           BTU/HR             7574870.8027 
     CALCULATED (REQUIRED) AREA     SQFT                   303.5938 
     ACTUAL EXCHANGER AREA          SQFT                   303.5938 
     PER CENT OVER-DESIGN                                    0.0000 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    BTU/HR-SQFT-R          149.6937 
     UA (DIRTY)                     BTU/HR-R             45446.0660 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               F                      166.6783 
     NUMBER OF SHELLS IN SERIES                               1 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 PSI                      7.3480 
     COLDSIDE, TOTAL                PSI                      7.3480 
   PRESSURE DROP PARAMETER: 
     HOT SIDE:                                            0.23216E+06 
     COLD SIDE:                                            99196.     
                        ***  ZONE RESULTS  *** 
   TEMPERATURE LEAVING EACH ZONE: 
                                     HOT  
         ------------------------------------------------------------- 
         |                             |                             | 
 S-205   |             VAP             |             COND            | S-223    
 ------> |                             |                             |------> 
  459.4  |                        315.3|                             |  200.9 
         |                             |                             | 
 S-215   |             LIQ             |             LIQ             | S-214    
 <------ |                             |                             |<------ 
  119.6  |                        114.8|                             |   77.1 
         |                             |                             | 
         ------------------------------------------------------------- 
                                     COLD 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  HX-202   MODEL: HEATX (CONTINUED)            
   ZONE HEAT TRANSFER AND AREA: 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              BTU/HR          SQFT        F         BTU/HR-SQFT-R   BTU/HR-R         
     1     864769.519        21.8788     264.0424   149.6937        3275.1163 
     2    6710101.283       281.7150     159.1167   149.6937       42170.9497 
 BLOCK:  HX-203   MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:          S-402    
   OUTLET STREAM:         S-220    
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
   COLD SIDE: 
   ---------- 
   INLET STREAM:          S-208    
   OUTLET STREAM:         S-209    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            15081.9         15081.9         0.00000     
       MASS(LB/HR   )            662798.         662798.         0.00000     
       ENTHALPY(BTU/HR  )       0.395568E+08    0.395568E+08   -0.941758E-15 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  HX-203   MODEL: HEATX (CONTINUED)            
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED COLD OUTLET TEMP     
     SPECIFIED VALUE                F                      224.3300 
     LMTD CORRECTION FACTOR                                  1.00000 
   PRESSURE SPECIFICATION: 
     HOT  SIDE OUTLET PRESSURE      PSIA                    29.3919 
     COLD SIDE OUTLET PRESSURE      PSIA                   169.0034 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD VAPOR       BTU/HR-SQFT-R          149.6937 
                        ***  OVERALL RESULTS  *** 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-402     ----->|                HOT                 |-----> S-220    
   T=  2.3637D+02  |                                    |       T=  2.1920D+02 
   P=  3.6740D+01  |                                    |       P=  2.9392D+01 
   V=  1.0000D+00  |                                    |       V=  6.8455D-01 
                   |                                    | 
   S-209     <-----|                COLD                |<----- S-208    
   T=  2.2433D+02  |                                    |       T=  1.6401D+02 
   P=  1.6900D+02  |                                    |       P=  1.7635D+02 
   V=  0.0000D+00  |                                    |       V=  0.0000D+00 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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                   -------------------------------------- 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           BTU/HR            18621245.0672 
     CALCULATED (REQUIRED) AREA     SQFT                  4388.9528 
     ACTUAL EXCHANGER AREA          SQFT                  4388.9528 
     PER CENT OVER-DESIGN                                    0.0000 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    BTU/HR-SQFT-R          149.6937 
     UA (DIRTY)                     BTU/HR-R            656998.3911 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               F                       28.3429 
     NUMBER OF SHELLS IN SERIES                               1 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 PSI                      7.3480 
     COLDSIDE, TOTAL                PSI                      7.3480 
   PRESSURE DROP PARAMETER: 
     HOT SIDE:                                             324.33     
     COLD SIDE:                                            11332.     
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                              U-O-S BLOCK SECTION                                
 BLOCK:  HX-203   MODEL: HEATX (CONTINUED)            
                        ***  ZONE RESULTS  *** 
   TEMPERATURE LEAVING EACH ZONE: 
                                     HOT  
         ------------------------------------------------------------- 
         |                                                           | 
 S-402   |                           COND                            | S-220    
 ------> |                                                           |------> 
  236.4  |                                                           |  219.2 
         |                                                           | 
 S-209   |                           LIQ                             | S-208    
 <------ |                                                           |<------ 
  224.3  |                                                           |  164.0 
         |                                                           | 
         ------------------------------------------------------------- 
                                     COLD 
   ZONE HEAT TRANSFER AND AREA: 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              BTU/HR          SQFT        F         BTU/HR-SQFT-R   BTU/HR-R         
     1   18621245.067      4388.9528      28.3429   149.6937      656998.3911 
 BLOCK:  HX-204   MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:          S-220    
   OUTLET STREAM:         S-138    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
   COLD SIDE: 
   ---------- 
   INLET STREAM:          S-218    
   OUTLET STREAM:         S-219    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            54142.9         54142.9         0.00000     
       MASS(LB/HR   )           0.108850E+07    0.108850E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.596152E+10   -0.596152E+10   -0.159972E-15 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  HX-204   MODEL: HEATX (CONTINUED)            
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED HOT VAPOR FRACTION   
     SPECIFIED VALUE                                         0.0000 
     LMTD CORRECTION FACTOR                                  1.00000 
   PRESSURE SPECIFICATION: 
     HOT  SIDE OUTLET PRESSURE      PSIA                    22.0439 
     COLD SIDE OUTLET PRESSURE      PSIA                    14.6959 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD VAPOR       BTU/HR-SQFT-R          149.6937 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  HX-204   MODEL: HEATX (CONTINUED)            
                        ***  OVERALL RESULTS  *** 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-220     ----->|                HOT                 |-----> S-138    
   T=  2.1920D+02  |                                    |       T=  1.9868D+02 
   P=  2.9392D+01  |                                    |       P=  2.2044D+01 
   V=  6.8455D-01  |                                    |       V=  0.0000D+00 
                   |                                    | 
   S-219     <-----|                COLD                |<----- S-218    
   T=  1.2280D+02  |                                    |       T=  7.7061D+01 
   P=  1.4696D+01  |                                    |       P=  2.2044D+01 
   V=  0.0000D+00  |                                    |       V=  0.0000D+00 
                   -------------------------------------- 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           BTU/HR            40721942.9788 
     CALCULATED (REQUIRED) AREA     SQFT                  2506.7346 
     ACTUAL EXCHANGER AREA          SQFT                  2506.7346 
     PER CENT OVER-DESIGN                                    0.0000 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    BTU/HR-SQFT-R          149.6937 
     UA (DIRTY)                     BTU/HR-R            375242.2681 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
152 
 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               F                      108.5217 
     NUMBER OF SHELLS IN SERIES                               1 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 PSI                      7.3480 
     COLDSIDE, TOTAL                PSI                      7.3480 
   PRESSURE DROP PARAMETER: 
     HOT SIDE:                                             705.07     
     COLD SIDE:                                            3966.2     
                        ***  ZONE RESULTS  *** 
   TEMPERATURE LEAVING EACH ZONE: 
                                     HOT  
         ------------------------------------------------------------- 
         |                                                           | 
 S-220   |                           COND                            | S-138    
 ------> |                                                           |------> 
  219.2  |                                                           |  198.7 
         |                                                           | 
 S-219   |                           LIQ                             | S-218    
 <------ |                                                           |<------ 
  122.8  |                                                           |   77.1 
         |                                                           | 
         ------------------------------------------------------------- 
                                     COLD 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  HX-204   MODEL: HEATX (CONTINUED)            
   ZONE HEAT TRANSFER AND AREA: 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              BTU/HR          SQFT        F         BTU/HR-SQFT-R   BTU/HR-R         
     1   40721942.979      2506.7346     108.5217   149.6937      375242.2681 
 BLOCK:  HX-301   MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:          S-304    
   OUTLET STREAM:         S-307    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
   COLD SIDE: 
   ---------- 
   INLET STREAM:          S-306    
   OUTLET STREAM:         S-303    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            8751.65         8751.65         0.00000     
       MASS(LB/HR   )            375674.         375674.        0.154942E-15 
       ENTHALPY(BTU/HR  )      -0.127659E+09   -0.127659E+09   -0.583633E-15 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FLASH SPECS FOR COLD SIDE: 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  HX-301   MODEL: HEATX (CONTINUED)            
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED COLD VAPOR FRACTION  
     SPECIFIED VALUE                                         0.0200 
     LMTD CORRECTION FACTOR                                  1.00000 
   PRESSURE SPECIFICATION: 
     HOT  SIDE OUTLET PRESSURE      PSIA                   154.3075 
     COLD SIDE OUTLET PRESSURE      PSIA                    36.7399 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD VAPOR       BTU/HR-SQFT-R          149.6937 
                        ***  OVERALL RESULTS  *** 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-304     ----->|                HOT                 |-----> S-307    
   T=  2.7828D+02  |                                    |       T=  1.8286D+02 
   P=  1.6900D+02  |                                    |       P=  1.5431D+02 
   V=  0.0000D+00  |                                    |       V=  0.0000D+00 
                   |                                    | 
   S-303     <-----|                COLD                |<----- S-306    
   T=  1.9061D+02  |                                    |       T=  4.1003D+01 
   P=  3.6740D+01  |                                    |       P=  4.4088D+01 
   V=  2.0000D-02  |                                    |       V=  0.0000D+00 
                   -------------------------------------- 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           BTU/HR            15179381.3611 
     CALCULATED (REQUIRED) AREA     SQFT                   929.8979 
     ACTUAL EXCHANGER AREA          SQFT                   929.8979 
     PER CENT OVER-DESIGN                                    0.0000 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    BTU/HR-SQFT-R          149.6937 
     UA (DIRTY)                     BTU/HR-R            139199.8223 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               F                      109.0474 
     NUMBER OF SHELLS IN SERIES                               1 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 PSI                     14.6959 
     COLDSIDE, TOTAL                PSI                      7.3480 
   PRESSURE DROP PARAMETER: 
     HOT SIDE:                                            0.11424E+06 
     COLD SIDE:                                            30223.     
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                              U-O-S BLOCK SECTION                                
 BLOCK:  HX-301   MODEL: HEATX (CONTINUED)            
                        ***  ZONE RESULTS  *** 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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   TEMPERATURE LEAVING EACH ZONE: 
                                     HOT  
         ------------------------------------------------------------- 
         |                             |                             | 
 S-304   |             LIQ             |             LIQ             | S-307    
 ------> |                             |                             |------> 
  278.3  |                        250.8|                             |  182.9 
         |                             |                             | 
 S-303   |             BOIL            |             LIQ             | S-306    
 <------ |                             |                             |<------ 
  190.6  |                        153.3|                             |   41.0 
         |                             |                             | 
         ------------------------------------------------------------- 
                                     COLD 
   ZONE HEAT TRANSFER AND AREA: 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              BTU/HR          SQFT        F         BTU/HR-SQFT-R   BTU/HR-R         
     1    4608232.530       332.8505      92.4872   149.6937       49825.6036 
     2   10571148.831       597.0475     118.2796   149.6937       89374.2187 
 BLOCK:  HX-401   MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:          S-409    
   OUTLET STREAM:         S-410    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
   COLD SIDE: 
   ---------- 
   INLET STREAM:          S-413    
   OUTLET STREAM:         S-414    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            23357.2         23357.2         0.00000     
       MASS(LB/HR   )            421096.         421096.         0.00000     
       ENTHALPY(BTU/HR  )      -0.286420E+10   -0.286420E+10     0.00000     
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                              U-O-S BLOCK SECTION                                
 BLOCK:  HX-401   MODEL: HEATX (CONTINUED)            
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED HOT OUTLET TEMP      
     SPECIFIED VALUE                F                      122.0000 
     LMTD CORRECTION FACTOR                                  1.00000 
   PRESSURE SPECIFICATION: 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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     HOT  SIDE OUTLET PRESSURE      PSIA                    16.1655 
     COLD SIDE OUTLET PRESSURE      PSIA                    22.0439 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD VAPOR       BTU/HR-SQFT-R          149.6937 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  HX-401   MODEL: HEATX (CONTINUED)            
                        ***  OVERALL RESULTS  *** 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-409     ----->|                HOT                 |-----> S-410    
   T=  2.3108D+02  |                                    |       T=  1.2200D+02 
   P=  2.2944D+01  |                                    |       P=  1.6166D+01 
   V=  2.9724D-02  |                                    |       V=  0.0000D+00 
                   |                                    | 
   S-414     <-----|                COLD                |<----- S-413    
   T=  8.5303D+01  |                                    |       T=  7.7076D+01 
   P=  2.2044D+01  |                                    |       P=  2.9392D+01 
   V=  0.0000D+00  |                                    |       V=  0.0000D+00 
                   -------------------------------------- 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           BTU/HR             3248817.4878 
     CALCULATED (REQUIRED) AREA     SQFT                   231.2694 
     ACTUAL EXCHANGER AREA          SQFT                   231.2694 
     PER CENT OVER-DESIGN                                    0.0000 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    BTU/HR-SQFT-R          149.6937 
     UA (DIRTY)                     BTU/HR-R             34619.5569 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               F                       93.8434 
     NUMBER OF SHELLS IN SERIES                               1 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 PSI                      6.7784 
     COLDSIDE, TOTAL                PSI                      7.3480 
   PRESSURE DROP PARAMETER: 
     HOT SIDE:                                            0.29803E+06 
     COLD SIDE:                                            20161.     
                        ***  ZONE RESULTS  *** 
   TEMPERATURE LEAVING EACH ZONE: 
                                     HOT  
         ------------------------------------------------------------- 
         |                             |                             | 
 S-409   |             COND            |             LIQ             | S-410    
 ------> |                             |                             |------> 
  231.1  |                        225.6|                             |  122.0 
         |                             |                             | 
 S-414   |             LIQ             |             LIQ             | S-413    
 <------ |                             |                             |<------ 
   85.3  |                         83.3|                             |   77.1 
         |                             |                             | 
         ------------------------------------------------------------- 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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                                     COLD 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  HX-401   MODEL: HEATX (CONTINUED)            
   ZONE HEAT TRANSFER AND AREA: 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              BTU/HR          SQFT        F         BTU/HR-SQFT-R   BTU/HR-R         
     1     787092.110        36.5122     144.0073   149.6937        5465.6417 
     2    2461725.378       194.7572      84.4389   149.6937       29153.9152 
 BLOCK:  HX-402   MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:          S-405    
   OUTLET STREAM:         S-406    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
   COLD SIDE: 
   ---------- 
   INLET STREAM:          S-414    
   OUTLET STREAM:         S-415    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            22721.7         22721.7         0.00000     
       MASS(LB/HR   )            460397.         460397.         0.00000     
       ENTHALPY(BTU/HR  )      -0.272677E+10   -0.272677E+10     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  HX-402   MODEL: HEATX (CONTINUED)            
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED HOT VAPOR FRACTION   
     SPECIFIED VALUE                                         0.0000 
     LMTD CORRECTION FACTOR                                  1.00000 
   PRESSURE SPECIFICATION: 
     HOT  SIDE OUTLET PRESSURE      PSIA                    14.6959 
     COLD SIDE OUTLET PRESSURE      PSIA                    14.6959 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
157 
 
     HOT LIQUID    COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD VAPOR       BTU/HR-SQFT-R          149.6937 
                        ***  OVERALL RESULTS  *** 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-405     ----->|                HOT                 |-----> S-406    
   T=  3.9200D+02  |                                    |       T=  3.5396D+02 
   P=  2.2044D+01  |                                    |       P=  1.4696D+01 
   V=  1.0000D+00  |                                    |       V=  0.0000D+00 
                   |                                    | 
   S-415     <-----|                COLD                |<----- S-414    
   T=  1.2158D+02  |                                    |       T=  8.5303D+01 
   P=  1.4696D+01  |                                    |       P=  2.2044D+01 
   V=  0.0000D+00  |                                    |       V=  0.0000D+00 
                   -------------------------------------- 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           BTU/HR            14350223.4319 
     CALCULATED (REQUIRED) AREA     SQFT                   359.1549 
     ACTUAL EXCHANGER AREA          SQFT                   359.1549 
     PER CENT OVER-DESIGN                                    0.0000 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    BTU/HR-SQFT-R          149.6937 
     UA (DIRTY)                     BTU/HR-R             53763.2122 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               F                      266.9153 
     NUMBER OF SHELLS IN SERIES                               1 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 PSI                      7.3480 
     COLDSIDE, TOTAL                PSI                      7.3480 
   PRESSURE DROP PARAMETER: 
     HOT SIDE:                                             5897.6     
     COLD SIDE:                                            20069.     
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                              U-O-S BLOCK SECTION                                
 BLOCK:  HX-402   MODEL: HEATX (CONTINUED)            
                        ***  ZONE RESULTS  *** 
   TEMPERATURE LEAVING EACH ZONE: 
                                     HOT  
         ------------------------------------------------------------- 
         |                             |                             | 
 S-405   |             VAP             |             COND            | S-406    
 ------> |                             |                             |------> 
  392.0  |                        386.4|                             |  354.0 
         |                             |                             | 
 S-415   |             LIQ             |             LIQ             | S-414    
 <------ |                             |                             |<------ 
  121.6  |                        121.2|                             |   85.3 
         |                             |                             | 
         ------------------------------------------------------------- 
                                     COLD 
   ZONE HEAT TRANSFER AND AREA: 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              BTU/HR          SQFT        F         BTU/HR-SQFT-R   BTU/HR-R         
     1     138879.984         3.4646     267.7830   149.6937         518.6289 
     2   14211343.448       355.6903     266.9068   149.6937       53244.5833 
 BLOCK:  M-101    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-103       S-106       S-137       S-138B   
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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   OUTLET STREAM:         S-107    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5234.31         5234.31         0.00000     
       MASS(LB/HR   )            248630.         248630.         0.00000     
       ENTHALPY(BTU/HR  )       0.107983E+09    0.107983E+09   -0.137995E-15 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                              U-O-S BLOCK SECTION                                
 BLOCK:  M-101    MODEL: MIXER (CONTINUED)            
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE   PSIA                                  22.0439      
 BLOCK:  M-102    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-122       S-135    
   OUTLET STREAM:         S-136    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6175.04         6175.04         0.00000     
       MASS(LB/HR   )            270437.         270437.         0.00000     
       ENTHALPY(BTU/HR  )      -0.957797E+08   -0.957797E+08     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 BLOCK:  M-103    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-134       S-121       S-117       S-130       S-126    
                          S-113    
   OUTLET STREAM:         S-139    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
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                              U-O-S BLOCK SECTION                                
 BLOCK:  M-103    MODEL: MIXER (CONTINUED)            
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            382.828         382.828         0.00000     
       MASS(LB/HR   )            13104.8         13104.8       -0.138803E-15 
       ENTHALPY(BTU/HR  )      -0.131395E+08   -0.131395E+08    0.283518E-15 
                      ***  CO2 EQUIVALENT SUMMARY *** 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
   ONE    PHASE      FLASH   SPECIFIED PHASE IS  VAPOR   
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE   PSIA                                  22.0439      
 BLOCK:  M-104    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-203       S-223    
   OUTLET STREAM:         S-204    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            851.090         851.090         0.00000     
       MASS(LB/HR   )            27401.2         27401.2         0.00000     
       ENTHALPY(BTU/HR  )      -0.438436E+08   -0.438436E+08   -0.250328E-09 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                              U-O-S BLOCK SECTION                                
 BLOCK:  M-104    MODEL: MIXER (CONTINUED)            
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE   PSIA                                 146.959       
 BLOCK:  M-105    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-421       S-420    
   OUTLET STREAM:         S-422    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            22.7105         22.7105         0.00000     
       MASS(LB/HR   )            1198.56         1198.56        0.189706E-15 
       ENTHALPY(BTU/HR  )        96367.1         96367.1        0.151005E-15 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE   PSIA                                  22.0439      
 BLOCK:  M-106    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-207       S-222    
   OUTLET STREAM:         S-208    
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
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                              U-O-S BLOCK SECTION                                
 BLOCK:  M-106    MODEL: MIXER (CONTINUED)            
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            10543.1         10543.1         0.00000     
       MASS(LB/HR   )            467927.         467927.        0.124395E-15 
       ENTHALPY(BTU/HR  )      -0.112895E+09   -0.112895E+09   -0.380966E-07 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE   PSIA                                 176.351       
 BLOCK:  M-107    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-311       S-401    
   OUTLET STREAM:         S-205    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            468.262         468.262         0.00000     
       MASS(LB/HR   )            14296.4         14296.4         0.00000     
       ENTHALPY(BTU/HR  )      -0.170186E+08   -0.170186E+08     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                              U-O-S BLOCK SECTION                                
 BLOCK:  M-107    MODEL: MIXER (CONTINUED)            
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE   PSIA                                 154.307       
 BLOCK:  P-101    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-101    
   OUTLET STREAM:         S-102    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            672.568         672.568         0.00000     
       MASS(LB/HR   )            52536.7         52536.7         0.00000     
       ENTHALPY(BTU/HR  )       0.142051E+08    0.142122E+08   -0.495461E-03 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  36.7399      
    DRIVER EFFICIENCY                                       1.00000     
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                         965.008       
    PRESSURE CHANGE  PSI                                   22.0439      
    NPSH AVAILABLE   FT-LBF/LB                             34.0223      
    FLUID POWER  HP                                         1.54710     
    BRAKE POWER  HP                                         2.76745     
    ELECTRICITY  KW                                         2.06368     
    PUMP EFFICIENCY USED                                    0.55903     
    NET WORK REQUIRED  HP                                   2.76745     
    HEAD DEVELOPED FT-LBF/LB                               58.3068      
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                       2.0637  KW               
  COST                                      0.1238  $/HR             
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                              U-O-S BLOCK SECTION                                
 BLOCK:  P-102    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-104    
   OUTLET STREAM:         S-105    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)           0.133655        0.133655         0.00000     
       MASS(LB/HR   )            23.1047         23.1047        0.153766E-15 
       ENTHALPY(BTU/HR  )       -13385.7        -13379.0       -0.500143E-03 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  36.7399      
    DRIVER EFFICIENCY                                       1.00000     
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                           0.48523     
    PRESSURE CHANGE  PSI                                   22.0439      
    NPSH AVAILABLE   FT-LBF/LB                             44.0922      
    FLUID POWER  HP                                         0.00077792  
    BRAKE POWER  HP                                         0.0026311   
    ELECTRICITY  KW                                         0.0019620   
    PUMP EFFICIENCY USED                                    0.29566     
    NET WORK REQUIRED  HP                                   0.0026311   
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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    HEAD DEVELOPED FT-LBF/LB                               66.6650      
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                    1.9620-03  KW               
  COST                                   1.1772-04  $/HR             
 BLOCK:  P-103    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-110    
   OUTLET STREAM:         S-111    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
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                              U-O-S BLOCK SECTION                                
 BLOCK:  P-103    MODEL: PUMP (CONTINUED)             
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            649.923         649.923         0.00000     
       MASS(LB/HR   )            17456.1         17456.1         0.00000     
       ENTHALPY(BTU/HR  )      -0.649688E+08   -0.649662E+08   -0.397281E-04 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  36.7399      
    DRIVER EFFICIENCY                                       1.00000     
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                         219.909       
    PRESSURE CHANGE  PSI                                   22.0439      
    NPSH AVAILABLE   FT-LBF/LB                             26.3739      
    FLUID POWER  HP                                         0.35256     
    BRAKE POWER  HP                                         1.01440     
    ELECTRICITY  KW                                         0.75644     
    PUMP EFFICIENCY USED                                    0.34755     
    NET WORK REQUIRED  HP                                   1.01440     
    HEAD DEVELOPED FT-LBF/LB                               39.9896      
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                       0.7564  KW               
  COST                                   4.5386-02  $/HR             
 BLOCK:  P-104    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-114    
   OUTLET STREAM:         S-115    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  P-104    MODEL: PUMP (CONTINUED)             
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3204.78         3204.78         0.00000     
       MASS(LB/HR   )            139277.         139277.         0.00000     
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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       ENTHALPY(BTU/HR  )      -0.500125E+08   -0.500016E+08   -0.217896E-03 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  36.7399      
    DRIVER EFFICIENCY                                       1.00000     
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       2,706.78        
    PRESSURE CHANGE  PSI                                   14.6959      
    NPSH AVAILABLE   FT-LBF/LB                             39.1126      
    FLUID POWER  HP                                         2.89300     
    BRAKE POWER  HP                                         4.28288     
    ELECTRICITY  KW                                         3.19375     
    PUMP EFFICIENCY USED                                    0.67548     
    NET WORK REQUIRED  HP                                   4.28288     
    HEAD DEVELOPED FT-LBF/LB                               41.1276      
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                       3.1937  KW               
  COST                                      0.1916  $/HR             
 BLOCK:  P-105    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-118    
   OUTLET STREAM:         S-119    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3145.12         3145.12         0.00000     
       MASS(LB/HR   )            137236.         137236.         0.00000     
       ENTHALPY(BTU/HR  )      -0.498672E+08   -0.498564E+08   -0.215122E-03 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  P-105    MODEL: PUMP (CONTINUED)             
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  36.7399      
    DRIVER EFFICIENCY                                       1.00000     
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       2,657.21        
    PRESSURE CHANGE  PSI                                   14.6959      
    NPSH AVAILABLE   FT-LBF/LB                             39.4448      
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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    FLUID POWER  HP                                         2.84002     
    BRAKE POWER  HP                                         4.21608     
    ELECTRICITY  KW                                         3.14393     
    PUMP EFFICIENCY USED                                    0.67362     
    NET WORK REQUIRED  HP                                   4.21608     
    HEAD DEVELOPED FT-LBF/LB                               40.9749      
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                       3.1439  KW               
  COST                                      0.1886  $/HR             
 BLOCK:  P-106    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-123    
   OUTLET STREAM:         S-124    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            649.923         649.923         0.00000     
       MASS(LB/HR   )            17456.1         17456.1         0.00000     
       ENTHALPY(BTU/HR  )      -0.649688E+08   -0.649662E+08   -0.397281E-04 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                              U-O-S BLOCK SECTION                                
 BLOCK:  P-106    MODEL: PUMP (CONTINUED)             
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  36.7399      
    DRIVER EFFICIENCY                                       1.00000     
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                         219.909       
    PRESSURE CHANGE  PSI                                   22.0439      
    NPSH AVAILABLE   FT-LBF/LB                             26.3739      
    FLUID POWER  HP                                         0.35256     
    BRAKE POWER  HP                                         1.01440     
    ELECTRICITY  KW                                         0.75644     
    PUMP EFFICIENCY USED                                    0.34755     
    NET WORK REQUIRED  HP                                   1.01440     
    HEAD DEVELOPED FT-LBF/LB                               39.9896      
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                       0.7564  KW               
  COST                                   4.5386-02  $/HR             
 BLOCK:  P-107    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-127    
   OUTLET STREAM:         S-128    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3204.78         3204.78         0.00000     
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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       MASS(LB/HR   )            139277.         139277.         0.00000     
       ENTHALPY(BTU/HR  )      -0.500125E+08   -0.500016E+08   -0.217896E-03 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                              U-O-S BLOCK SECTION                                
 BLOCK:  P-107    MODEL: PUMP (CONTINUED)             
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  36.7399      
    DRIVER EFFICIENCY                                       1.00000     
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       2,706.78        
    PRESSURE CHANGE  PSI                                   14.6959      
    NPSH AVAILABLE   FT-LBF/LB                             39.1126      
    FLUID POWER  HP                                         2.89300     
    BRAKE POWER  HP                                         4.28288     
    ELECTRICITY  KW                                         3.19375     
    PUMP EFFICIENCY USED                                    0.67548     
    NET WORK REQUIRED  HP                                   4.28288     
    HEAD DEVELOPED FT-LBF/LB                               41.1276      
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                       3.1937  KW               
  COST                                      0.1916  $/HR             
 BLOCK:  P-108    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-131    
   OUTLET STREAM:         S-132    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3145.12         3145.12         0.00000     
       MASS(LB/HR   )            137236.         137236.         0.00000     
       ENTHALPY(BTU/HR  )      -0.498672E+08   -0.498564E+08   -0.215122E-03 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                              U-O-S BLOCK SECTION                                
 BLOCK:  P-108    MODEL: PUMP (CONTINUED)             
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  36.7399      
    DRIVER EFFICIENCY                                       1.00000     
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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    TOLERANCE                                               0.000100000 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       2,657.21        
    PRESSURE CHANGE  PSI                                   14.6959      
    NPSH AVAILABLE   FT-LBF/LB                             39.4448      
    FLUID POWER  HP                                         2.84002     
    BRAKE POWER  HP                                         4.21608     
    ELECTRICITY  KW                                         3.14393     
    PUMP EFFICIENCY USED                                    0.67362     
    NET WORK REQUIRED  HP                                   4.21608     
    HEAD DEVELOPED FT-LBF/LB                               40.9749      
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                       3.1439  KW               
  COST                                      0.1886  $/HR             
 BLOCK:  P-109    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-136    
   OUTLET STREAM:         S-140    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6175.04         6175.04         0.00000     
       MASS(LB/HR   )            270437.         270437.         0.00000     
       ENTHALPY(BTU/HR  )      -0.957797E+08   -0.957411E+08   -0.403257E-03 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                              U-O-S BLOCK SECTION                                
 BLOCK:  P-109    MODEL: PUMP (CONTINUED)             
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  51.4358      
    DRIVER EFFICIENCY                                       1.00000     
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       5,230.12        
    PRESSURE CHANGE  PSI                                   29.3919      
    NPSH AVAILABLE   FT-LBF/LB                             39.6159      
    FLUID POWER  HP                                        11.1799      
    BRAKE POWER  HP                                        15.1798      
    ELECTRICITY  KW                                        11.3195      
    PUMP EFFICIENCY USED                                    0.73650     
    NET WORK REQUIRED  HP                                  15.1798      
    HEAD DEVELOPED FT-LBF/LB                               81.8531      
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                      11.3195  KW               
  COST                                      0.6792  $/HR             
 BLOCK:  P-110    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-141    
   OUTLET STREAM:         S-142    
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6175.04         6175.04         0.00000     
       MASS(LB/HR   )            270437.         270437.         0.00000     
       ENTHALPY(BTU/HR  )      -0.957411E+08   -0.955093E+08   -0.242091E-02 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                              U-O-S BLOCK SECTION                                
 BLOCK:  P-110    MODEL: PUMP (CONTINUED)             
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 191.047       
    DRIVER EFFICIENCY                                       1.00000     
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       5,231.08        
    PRESSURE CHANGE  PSI                                  176.351       
    NPSH AVAILABLE   FT-LBF/LB                             19.0502      
    FLUID POWER  HP                                        67.0914      
    BRAKE POWER  HP                                        91.0933      
    ELECTRICITY  KW                                        67.9282      
    PUMP EFFICIENCY USED                                    0.73651     
    NET WORK REQUIRED  HP                                  91.0933      
    HEAD DEVELOPED FT-LBF/LB                              491.208       
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                      67.9282  KW               
  COST                                      4.0757  $/HR             
 BLOCK:  P-201    MODEL: PUMP             
 ---------------------------- 
   INLET STREAMS:         S-211       S-303    
   OUTLET STREAM:         S-222    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            4368.02         4368.02         0.00000     
       MASS(LB/HR   )            197489.         197489.       -0.147369E-15 
       ENTHALPY(BTU/HR  )      -0.182835E+08   -0.173854E+08   -0.491222E-01 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                              U-O-S BLOCK SECTION                                
 BLOCK:  P-201    MODEL: PUMP (CONTINUED)             
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 176.351       
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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    DRIVER EFFICIENCY                                       1.00000     
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                      29,450.0         
    PRESSURE CHANGE  PSI                                  139.612       
    NPSH AVAILABLE   FT-LBF/LB                           -147.621       
    FLUID POWER  HP                                       299.023       
    BRAKE POWER  HP                                       352.976       
    ELECTRICITY  KW                                       263.214       
    PUMP EFFICIENCY USED                                    0.84715     
    NET WORK REQUIRED  HP                                 352.976       
    HEAD DEVELOPED FT-LBF/LB                            2,997.96        
    NEGATIVE NPSH MAY BE DUE TO VAPOR IN THE FEED OR UNACCOUNTED SUCTION HEAD. 
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                     263.2139  KW               
  COST                                     15.7928  $/HR             
 BLOCK:  P-202    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-221    
   OUTLET STREAM:         S-213    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            9920.80         9920.80         0.00000     
       MASS(LB/HR   )            178726.         178726.         0.00000     
       ENTHALPY(BTU/HR  )      -0.121908E+10   -0.121907E+10   -0.140996E-04 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                              U-O-S BLOCK SECTION                                
 BLOCK:  P-202    MODEL: PUMP (CONTINUED)             
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  36.7399      
    DRIVER EFFICIENCY                                       1.00000     
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       2,871.05        
    PRESSURE CHANGE  PSI                                   22.0439      
    NPSH AVAILABLE   FT-LBF/LB                             32.9326      
    FLUID POWER  HP                                         4.60285     
    BRAKE POWER  HP                                         6.75538     
    ELECTRICITY  KW                                         5.03749     
    PUMP EFFICIENCY USED                                    0.68136     
    NET WORK REQUIRED  HP                                   6.75538     
    HEAD DEVELOPED FT-LBF/LB                               50.9922      
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                       5.0375  KW               
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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  COST                                      0.3022  $/HR             
 BLOCK:  P-203    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-216    
   OUTLET STREAM:         S-217    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            49604.0         49604.0         0.00000     
       MASS(LB/HR   )            893630.         893630.         0.00000     
       ENTHALPY(BTU/HR  )      -0.609542E+10   -0.609535E+10   -0.118627E-04 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                              U-O-S BLOCK SECTION                                
 BLOCK:  P-203    MODEL: PUMP (CONTINUED)             
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  36.7399      
    DRIVER EFFICIENCY                                       1.00000     
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                      14,355.2         
    PRESSURE CHANGE  PSI                                   22.0439      
    NPSH AVAILABLE   FT-LBF/LB                             32.9326      
    FLUID POWER  HP                                        23.0142      
    BRAKE POWER  HP                                        28.4182      
    ELECTRICITY  KW                                        21.1915      
    PUMP EFFICIENCY USED                                    0.80984     
    NET WORK REQUIRED  HP                                  28.4182      
    HEAD DEVELOPED FT-LBF/LB                               50.9922      
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                      21.1915  KW               
  COST                                      1.2715  $/HR             
 BLOCK:  P-402    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-422    
   OUTLET STREAM:         S-423    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            22.7105         22.7105         0.00000     
       MASS(LB/HR   )            1198.56         1198.56         0.00000     
       ENTHALPY(BTU/HR  )        96367.1         96582.5       -0.223039E-02 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                              U-O-S BLOCK SECTION                                
 BLOCK:  P-402    MODEL: PUMP (CONTINUED)             
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  36.7399      
    DRIVER EFFICIENCY                                       1.00000     
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                          23.4198      
    PRESSURE CHANGE  PSI                                   14.6959      
    NPSH AVAILABLE   FT-LBF/LB                             30.3570      
    FLUID POWER  HP                                         0.025031    
    BRAKE POWER  HP                                         0.084662    
    ELECTRICITY  KW                                         0.063132    
    PUMP EFFICIENCY USED                                    0.29566     
    NET WORK REQUIRED  HP                                   0.084662    
    HEAD DEVELOPED FT-LBF/LB                               41.3508      
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                    6.3132-02  KW               
  COST                                   3.7879-03  $/HR             
 BLOCK:  P-403    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-418    
   OUTLET STREAM:         S-419    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            18.4286         18.4286         0.00000     
       MASS(LB/HR   )            756.540         756.540         0.00000     
       ENTHALPY(BTU/HR  )        324748.         324963.       -0.659234E-03 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                              U-O-S BLOCK SECTION                                
 BLOCK:  P-403    MODEL: PUMP (CONTINUED)             
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  36.7399      
    DRIVER EFFICIENCY                                       1.00000     
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                          15.5269      
    PRESSURE CHANGE  PSI                                   22.0439      
    NPSH AVAILABLE   FT-LBF/LB                             38.2259      
    FLUID POWER  HP                                         0.024893    
    BRAKE POWER  HP                                         0.084194    
    ELECTRICITY  KW                                         0.062784    
    PUMP EFFICIENCY USED                                    0.29566     
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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    NET WORK REQUIRED  HP                                   0.084194    
    HEAD DEVELOPED FT-LBF/LB                               65.1485      
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                    6.2784-02  KW               
  COST                                   3.7670-03  $/HR             
 BLOCK:  P-404    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-411    
   OUTLET STREAM:         S-412    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            22046.2         22046.2         0.00000     
       MASS(LB/HR   )            397169.         397169.         0.00000     
       ENTHALPY(BTU/HR  )      -0.270908E+10   -0.270903E+10   -0.170139E-04 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                              U-O-S BLOCK SECTION                                
 BLOCK:  P-404    MODEL: PUMP (CONTINUED)             
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  44.0878      
    DRIVER EFFICIENCY                                       1.00000     
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       6,380.11        
    PRESSURE CHANGE  PSI                                   29.3919      
    NPSH AVAILABLE   FT-LBF/LB                             32.9326      
    FLUID POWER  HP                                        13.6381      
    BRAKE POWER  HP                                        18.1148      
    ELECTRICITY  KW                                        13.5082      
    PUMP EFFICIENCY USED                                    0.75287     
    NET WORK REQUIRED  HP                                  18.1148      
    HEAD DEVELOPED FT-LBF/LB                               67.9896      
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR ELECTRICITY              PUMPELEC 
  RATE OF CONSUMPTION                      13.5082  KW               
  COST                                      0.8105  $/HR             
 BLOCK:  R-101A1  MODEL: RCSTR            
 ----------------------------- 
   INLET STREAMS:         S-112       S-108    
   OUTLET STREAM:         INT1     
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         3267.08       3267.08      0.550715E-13   0.00000     
   MASS(LB/HR   )         141771.       141771.                     0.00000     
   ENTHALPY(BTU/HR  )   -0.109746E+08 -0.126817E+08                0.134607     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                              U-O-S BLOCK SECTION                                
 BLOCK:  R-101A1  MODEL: RCSTR (CONTINUED)            
                          ***  INPUT DATA  *** 
    REACTOR TYPE: TEMP SPEC LIQUID  PHASE REACTOR 
    RESIDENCE TIME                     HR                         2.2000     
    REACTOR TEMPERATURE                F                          140.00     
    REACTOR PRESSURE                   PSIA                       22.044     
    REACTION PARAGRAPH            ID:  R-1            TYPE:  GENERAL 
    GLOBAL BASES: 
    KBASIS                                                   MOLE-GAMMA   
    CBASIS                                                   MOLARITY     
    SBASIS                                                   GLOBAL   
    STOICHIOMETRY:          
    REACTION NUMBER:          1 
      SUBSTREAM:  MIXED    
        BENZENE    -1.0000      PHENOL      1.0000      WATER       1.0000      
HYDRO-01   -1.0000     
    REAC-DATA ENTRIES: 
      REACTION NO    TYPE     PHASE        DELT             BASIS 
                                              F    
          1        EQUIL        L        0.0000           MOLE-GAMMA   
 
                           ***  RESULTS  *** 
    REACTOR HEAT DUTY                  BTU/HR                   -0.17070E+07 
    REACTOR VOLUME                     CUFT                       6351.4     
 
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR WATER                          CW 
  RATE OF CONSUMPTION                    5.6901+04  LB/HR            
  COST                                     35.5634  $/HR             
 BLOCK:  R-101A2  MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          INT1     
   OUTLET STREAM:         INT2     
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         3267.08       3276.06       8.98087       0.00000     
   MASS(LB/HR   )         141771.       141771.                     0.00000     
   ENTHALPY(BTU/HR  )   -0.126817E+08 -0.531533E+08                0.761413     
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                              U-O-S BLOCK SECTION                                
 BLOCK:  R-101A2  MODEL: RSTOIC (CONTINUED)           
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     BENZENE   -1.00    PHENOL     1.00    WATER      1.00    HYDRO-01  -1.00     
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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    REACTION #   2: 
     SUBSTREAM MIXED   : 
     WATER      2.00    HYDRO-01  -2.00    OXYGEN     1.00     
 
   REACTION CONVERSION SPECS: NUMBER=    2 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:BENZENE  CONV FRAC: 0.6770     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:HYDRO-01 CONV FRAC: 0.5000E-01 
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 140.000       
   SPECIFIED PRESSURE    PSIA                               22.0439      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    140.00     
   OUTLET PRESSURE       PSIA                                 22.044     
   HEAT DUTY             BTU/HR                             -0.40472E+08 
   VAPOR FRACTION                                             0.0000     
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                              U-O-S BLOCK SECTION                                
 BLOCK:  R-101A2  MODEL: RSTOIC (CONTINUED)           
   REACTION EXTENTS: 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  305.97     
      2                  8.9809     
   V-L PHASE EQUILIBRIUM :  
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.44559E-01    0.44559E-01    0.68208E-01     1.2650     
      PHENOL           0.94772E-01    0.94772E-01    0.45545E-03    0.39714E-02 
      WATER            0.18962        0.18962        0.10402        0.45332     
      ACETO-01         0.65747        0.65747        0.28056        0.35264     
      HYDRO-01         0.10777E-01    0.10777E-01    0.10938E-03    0.83880E-02 
      OXYGEN           0.27414E-02    0.27414E-02    0.54665         164.79     
      ZINC--01         0.60986E-04    0.60986E-04    0.61188E-83    0.82907E-79 
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR WATER                          CW 
  RATE OF CONSUMPTION                    1.3491+06  LB/HR            
  COST                                    843.1580  $/HR             
 BLOCK:  R-101B1  MODEL: RCSTR            
 ----------------------------- 
   INLET STREAMS:         S-109       S-125    
   OUTLET STREAM:         INT7     
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         3267.08       3267.08      0.550715E-13   0.00000     
   MASS(LB/HR   )         141771.       141771.                     0.00000     
   ENTHALPY(BTU/HR  )   -0.109746E+08 -0.126817E+08                0.134607     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
174 
 
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    REACTOR TYPE: TEMP SPEC LIQUID  PHASE REACTOR 
    RESIDENCE TIME                     HR                         2.2000     
    REACTOR TEMPERATURE                F                          140.00     
    REACTOR PRESSURE                   PSIA                       22.044     
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                              U-O-S BLOCK SECTION                                
 BLOCK:  R-101B1  MODEL: RCSTR (CONTINUED)            
    REACTION PARAGRAPH            ID:  R-1            TYPE:  GENERAL 
    GLOBAL BASES: 
    KBASIS                                                   MOLE-GAMMA   
    CBASIS                                                   MOLARITY     
    SBASIS                                                   GLOBAL   
    STOICHIOMETRY:          
    REACTION NUMBER:          1 
      SUBSTREAM:  MIXED    
        BENZENE    -1.0000      PHENOL      1.0000      WATER       1.0000      
HYDRO-01   -1.0000     
    REAC-DATA ENTRIES: 
      REACTION NO    TYPE     PHASE        DELT             BASIS 
                                              F    
          1        EQUIL        L        0.0000           MOLE-GAMMA   
 
                           ***  RESULTS  *** 
    REACTOR HEAT DUTY                  BTU/HR                   -0.17070E+07 
    REACTOR VOLUME                     CUFT                       6351.4     
 
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR WATER                          CW 
  RATE OF CONSUMPTION                    5.6901+04  LB/HR            
  COST                                     35.5634  $/HR             
 BLOCK:  R-101B2  MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          INT7     
   OUTLET STREAM:         INT8     
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         3267.08       3276.06       8.98087       0.00000     
   MASS(LB/HR   )         141771.       141771.                     0.00000     
   ENTHALPY(BTU/HR  )   -0.126817E+08 -0.531533E+08                0.761413     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  R-101B2  MODEL: RSTOIC (CONTINUED)           
   STOICHIOMETRY MATRIX: 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     BENZENE   -1.00    PHENOL     1.00    WATER      1.00    HYDRO-01  -1.00     
    REACTION #   2: 
     SUBSTREAM MIXED   : 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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     WATER      2.00    HYDRO-01  -2.00    OXYGEN     1.00     
 
   REACTION CONVERSION SPECS: NUMBER=    2 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:BENZENE  CONV FRAC: 0.6770     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:HYDRO-01 CONV FRAC: 0.5000E-01 
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 140.000       
   SPECIFIED PRESSURE    PSIA                               22.0439      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    140.00     
   OUTLET PRESSURE       PSIA                                 22.044     
   HEAT DUTY             BTU/HR                             -0.40472E+08 
   VAPOR FRACTION                                             0.0000     
 
   REACTION EXTENTS: 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  305.97     
      2                  8.9809     
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                              U-O-S BLOCK SECTION                                
 BLOCK:  R-101B2  MODEL: RSTOIC (CONTINUED)           
   V-L PHASE EQUILIBRIUM :  
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.44559E-01    0.44559E-01    0.68208E-01     1.2650     
      PHENOL           0.94772E-01    0.94772E-01    0.45545E-03    0.39714E-02 
      WATER            0.18962        0.18962        0.10402        0.45332     
      ACETO-01         0.65747        0.65747        0.28056        0.35264     
      HYDRO-01         0.10777E-01    0.10777E-01    0.10938E-03    0.83880E-02 
      OXYGEN           0.27414E-02    0.27414E-02    0.54665         164.79     
      ZINC--01         0.60986E-04    0.60986E-04    0.61188E-83    0.82907E-79 
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR WATER                          CW 
  RATE OF CONSUMPTION                    1.3491+06  LB/HR            
  COST                                    843.1580  $/HR             
 BLOCK:  R-102A1  MODEL: RCSTR            
 ----------------------------- 
   INLET STREAM:          S-116    
   OUTLET STREAM:         INT3     
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         3204.78       3204.78     -0.550715E-13   0.00000     
   MASS(LB/HR   )         139277.       139277.                    0.208963E-15 
   ENTHALPY(BTU/HR  )   -0.500016E+08 -0.500125E+08                0.217896E-03 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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                          ***  INPUT DATA  *** 
    REACTOR TYPE: TEMP SPEC LIQUID  PHASE REACTOR 
    RESIDENCE TIME                     HR                         2.2000     
    REACTOR TEMPERATURE                F                          140.00     
    REACTOR PRESSURE                   PSIA                       22.044     
    REACTION PARAGRAPH            ID:  R-1            TYPE:  GENERAL 
    GLOBAL BASES: 
    KBASIS                                                   MOLE-GAMMA   
    CBASIS                                                   MOLARITY     
    SBASIS                                                   GLOBAL   
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                              U-O-S BLOCK SECTION                                
 BLOCK:  R-102A1  MODEL: RCSTR (CONTINUED)            
    STOICHIOMETRY:          
    REACTION NUMBER:          1 
      SUBSTREAM:  MIXED    
        BENZENE    -1.0000      PHENOL      1.0000      WATER       1.0000      
HYDRO-01   -1.0000     
    REAC-DATA ENTRIES: 
      REACTION NO    TYPE     PHASE        DELT             BASIS 
                                              F    
          1        EQUIL        L        0.0000           MOLE-GAMMA   
 
                           ***  RESULTS  *** 
    REACTOR HEAT DUTY                  BTU/HR                    -10898.     
    REACTOR VOLUME                     CUFT                       5954.9     
 
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR WATER                          CW 
  RATE OF CONSUMPTION                     363.2505  LB/HR            
  COST                                      0.2270  $/HR             
 BLOCK:  R-102A2  MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          INT3     
   OUTLET STREAM:         INT4     
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         3204.78       3205.09      0.308915       0.00000     
   MASS(LB/HR   )         139277.       139277.                   -0.208963E-15 
   ENTHALPY(BTU/HR  )   -0.500125E+08 -0.530219E+08                0.567571E-01 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/31/2012  PAGE 94   
                                                                                 
                              U-O-S BLOCK SECTION                                
 BLOCK:  R-102A2  MODEL: RSTOIC (CONTINUED)           
   STOICHIOMETRY MATRIX: 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     BENZENE   -1.00    PHENOL     1.00    WATER      1.00    HYDRO-01  -1.00     
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     WATER      2.00    HYDRO-01  -2.00    OXYGEN     1.00     
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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   REACTION CONVERSION SPECS: NUMBER=    2 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:BENZENE  CONV FRAC: 0.1672     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:HYDRO-01 CONV FRAC: 0.1750E-01 
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 140.000       
   SPECIFIED PRESSURE    PSIA                               22.0439      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    140.00     
   OUTLET PRESSURE       PSIA                                 22.044     
   HEAT DUTY             BTU/HR                             -0.30094E+07 
   VAPOR FRACTION                                             0.0000     
 
   REACTION EXTENTS: 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  22.838     
      2                 0.30891     
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                              U-O-S BLOCK SECTION                                
 BLOCK:  R-102A2  MODEL: RSTOIC (CONTINUED)           
   V-L PHASE EQUILIBRIUM :  
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.35491E-01    0.35491E-01    0.12139         1.3201     
      PHENOL           0.10390        0.10390        0.10879E-02    0.40412E-02 
      WATER            0.19144        0.19144        0.22302        0.44962     
      ACETO-01         0.66531        0.66531        0.61371        0.35602     
      HYDRO-01         0.36970E-02    0.36970E-02    0.80684E-04    0.84232E-02 
      OXYGEN           0.96383E-04    0.96383E-04    0.40710E-01     163.02     
      ZINC--01         0.62336E-04    0.62336E-04    0.15222E-82    0.94242E-79 
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR WATER                          CW 
  RATE OF CONSUMPTION                    1.0031+05  LB/HR            
  COST                                     62.6952  $/HR             
 BLOCK:  R-102B1  MODEL: RCSTR            
 ----------------------------- 
   INLET STREAM:          S-129    
   OUTLET STREAM:         INT9     
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         3204.78       3204.78     -0.550715E-13   0.00000     
   MASS(LB/HR   )         139277.       139277.                    0.208963E-15 
   ENTHALPY(BTU/HR  )   -0.500016E+08 -0.500125E+08                0.217896E-03 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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    REACTOR TYPE: TEMP SPEC LIQUID  PHASE REACTOR 
    RESIDENCE TIME                     HR                         2.2000     
    REACTOR TEMPERATURE                F                          140.00     
    REACTOR PRESSURE                   PSIA                       22.044     
    REACTION PARAGRAPH            ID:  R-1            TYPE:  GENERAL 
    GLOBAL BASES: 
    KBASIS                                                   MOLE-GAMMA   
    CBASIS                                                   MOLARITY     
    SBASIS                                                   GLOBAL   
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                              U-O-S BLOCK SECTION                                
 BLOCK:  R-102B1  MODEL: RCSTR (CONTINUED)            
    STOICHIOMETRY:          
    REACTION NUMBER:          1 
      SUBSTREAM:  MIXED    
        BENZENE    -1.0000      PHENOL      1.0000      WATER       1.0000      
HYDRO-01   -1.0000     
    REAC-DATA ENTRIES: 
      REACTION NO    TYPE     PHASE        DELT             BASIS 
                                              F    
          1        EQUIL        L        0.0000           MOLE-GAMMA   
 
                           ***  RESULTS  *** 
    REACTOR HEAT DUTY                  BTU/HR                    -10898.     
    REACTOR VOLUME                     CUFT                       5954.9     
 
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR WATER                          CW 
  RATE OF CONSUMPTION                     363.2505  LB/HR            
  COST                                      0.2270  $/HR             
 BLOCK:  R-102B2  MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          INT9     
   OUTLET STREAM:         INT10    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         3204.78       3205.09      0.308915       0.00000     
   MASS(LB/HR   )         139277.       139277.                   -0.208963E-15 
   ENTHALPY(BTU/HR  )   -0.500125E+08 -0.530219E+08                0.567571E-01 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  R-102B2  MODEL: RSTOIC (CONTINUED)           
   STOICHIOMETRY MATRIX: 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     BENZENE   -1.00    PHENOL     1.00    WATER      1.00    HYDRO-01  -1.00     
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     WATER      2.00    HYDRO-01  -2.00    OXYGEN     1.00     
 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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   REACTION CONVERSION SPECS: NUMBER=    2 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:BENZENE  CONV FRAC: 0.1672     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:HYDRO-01 CONV FRAC: 0.1750E-01 
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 140.000       
   SPECIFIED PRESSURE    PSIA                               22.0439      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    140.00     
   OUTLET PRESSURE       PSIA                                 22.044     
   HEAT DUTY             BTU/HR                             -0.30094E+07 
   VAPOR FRACTION                                             0.0000     
 
   REACTION EXTENTS: 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  22.838     
      2                 0.30891     
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                              U-O-S BLOCK SECTION                                
 BLOCK:  R-102B2  MODEL: RSTOIC (CONTINUED)           
   V-L PHASE EQUILIBRIUM :  
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.35491E-01    0.35491E-01    0.12139         1.3201     
      PHENOL           0.10390        0.10390        0.10879E-02    0.40412E-02 
      WATER            0.19144        0.19144        0.22302        0.44962     
      ACETO-01         0.66531        0.66531        0.61371        0.35602     
      HYDRO-01         0.36970E-02    0.36970E-02    0.80684E-04    0.84232E-02 
      OXYGEN           0.96383E-04    0.96383E-04    0.40710E-01     163.02     
      ZINC--01         0.62336E-04    0.62336E-04    0.15222E-82    0.94242E-79 
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR WATER                          CW 
  RATE OF CONSUMPTION                    1.0031+05  LB/HR            
  COST                                     62.6952  $/HR             
 BLOCK:  R-103A1  MODEL: RCSTR            
 ----------------------------- 
   INLET STREAM:          S-120    
   OUTLET STREAM:         INT5     
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         3145.12       3145.12      0.550715E-13   0.00000     
   MASS(LB/HR   )         137236.       137236.                     0.00000     
   ENTHALPY(BTU/HR  )   -0.498564E+08 -0.498672E+08                0.215122E-03 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    REACTOR TYPE: TEMP SPEC LIQUID  PHASE REACTOR 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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    RESIDENCE TIME                     HR                         2.2000     
    REACTOR TEMPERATURE                F                          140.00     
    REACTOR PRESSURE                   PSIA                       22.044     
    REACTION PARAGRAPH            ID:  R-1            TYPE:  GENERAL 
    GLOBAL BASES: 
    KBASIS                                                   MOLE-GAMMA   
    CBASIS                                                   MOLARITY     
    SBASIS                                                   GLOBAL   
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                              U-O-S BLOCK SECTION                                
 BLOCK:  R-103A1  MODEL: RCSTR (CONTINUED)            
    STOICHIOMETRY:          
    REACTION NUMBER:          1 
      SUBSTREAM:  MIXED    
        BENZENE    -1.0000      PHENOL      1.0000      WATER       1.0000      
HYDRO-01   -1.0000     
    REAC-DATA ENTRIES: 
      REACTION NO    TYPE     PHASE        DELT             BASIS 
                                              F    
          1        EQUIL        L        0.0000           MOLE-GAMMA   
 
                           ***  RESULTS  *** 
    REACTOR HEAT DUTY                  BTU/HR                    -10728.     
    REACTOR VOLUME                     CUFT                       5845.9     
 
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR WATER                          CW 
  RATE OF CONSUMPTION                     357.5843  LB/HR            
  COST                                      0.2235  $/HR             
 BLOCK:  R-103A2  MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          INT5     
   OUTLET STREAM:         INT6     
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         3145.12       3147.69       2.56660     -0.144470E-15 
   MASS(LB/HR   )         137236.       137236.                     0.00000     
   ENTHALPY(BTU/HR  )   -0.498672E+08 -0.509568E+08                0.213827E-01 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/31/2012  PAGE 100  
                                                                                 
                              U-O-S BLOCK SECTION                                
 BLOCK:  R-103A2  MODEL: RSTOIC (CONTINUED)           
   STOICHIOMETRY MATRIX: 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     BENZENE   -1.00    PHENOL     1.00    WATER      1.00    HYDRO-01  -1.00     
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     WATER      2.00    HYDRO-01  -2.00    OXYGEN     1.00     
 
   REACTION CONVERSION SPECS: NUMBER=    2 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:BENZENE  CONV FRAC: 0.6310E-01 
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:HYDRO-01 CONV FRAC:  1.000     
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 140.000       
   SPECIFIED PRESSURE    PSIA                               22.0439      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SERIES REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    140.00     
   OUTLET PRESSURE       PSIA                                 22.044     
   HEAT DUTY             BTU/HR                             -0.10896E+07 
   VAPOR FRACTION                                             0.0000     
 
   REACTION EXTENTS: 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  6.7159     
      2                  2.5666     
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                              U-O-S BLOCK SECTION                                
 BLOCK:  R-103A2  MODEL: RSTOIC (CONTINUED)           
   V-L PHASE EQUILIBRIUM :  
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.31679E-01    0.31679E-01    0.83466E-01     1.3193     
      PHENOL           0.10782        0.10782        0.86559E-03    0.40199E-02 
      WATER            0.18895        0.18895        0.17103        0.45323     
      ACETO-01         0.67067        0.67067        0.47449        0.35426     
      OXYGEN           0.81539E-03    0.81539E-03    0.27015         165.90     
      ZINC--01         0.63473E-04    0.63473E-04    0.11397E-82    0.89900E-79 
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR WATER                          CW 
  RATE OF CONSUMPTION                    3.6320+04  LB/HR            
  COST                                     22.6999  $/HR             
 BLOCK:  R-103B1  MODEL: RCSTR            
 ----------------------------- 
   INLET STREAM:          S-133    
   OUTLET STREAM:         INT11    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         3145.12       3145.12      0.550715E-13   0.00000     
   MASS(LB/HR   )         137236.       137236.                     0.00000     
   ENTHALPY(BTU/HR  )   -0.498564E+08 -0.498672E+08                0.215122E-03 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    REACTOR TYPE: TEMP SPEC LIQUID  PHASE REACTOR 
    RESIDENCE TIME                     HR                         2.2000     
    REACTOR TEMPERATURE                F                          140.00     
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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    REACTOR PRESSURE                   PSIA                       22.044     
    REACTION PARAGRAPH            ID:  R-1            TYPE:  GENERAL 
    GLOBAL BASES: 
    KBASIS                                                   MOLE-GAMMA   
    CBASIS                                                   MOLARITY     
    SBASIS                                                   GLOBAL   
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                              U-O-S BLOCK SECTION                                
 BLOCK:  R-103B1  MODEL: RCSTR (CONTINUED)            
    STOICHIOMETRY:          
    REACTION NUMBER:          1 
      SUBSTREAM:  MIXED    
        BENZENE    -1.0000      PHENOL      1.0000      WATER       1.0000      
HYDRO-01   -1.0000     
    REAC-DATA ENTRIES: 
      REACTION NO    TYPE     PHASE        DELT             BASIS 
                                              F    
          1        EQUIL        L        0.0000           MOLE-GAMMA   
 
                           ***  RESULTS  *** 
    REACTOR HEAT DUTY                  BTU/HR                    -10728.     
    REACTOR VOLUME                     CUFT                       5845.9     
 
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR WATER                          CW 
  RATE OF CONSUMPTION                     357.5843  LB/HR            
  COST                                      0.2235  $/HR             
 BLOCK:  R-103B2  MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          INT11    
   OUTLET STREAM:         INT12    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         3145.12       3147.69       2.56660     -0.144470E-15 
   MASS(LB/HR   )         137236.       137236.                     0.00000     
   ENTHALPY(BTU/HR  )   -0.498672E+08 -0.509568E+08                0.213827E-01 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
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 BLOCK:  R-103B2  MODEL: RSTOIC (CONTINUED)           
   STOICHIOMETRY MATRIX: 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     BENZENE   -1.00    PHENOL     1.00    WATER      1.00    HYDRO-01  -1.00     
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     WATER      2.00    HYDRO-01  -2.00    OXYGEN     1.00     
 
   REACTION CONVERSION SPECS: NUMBER=    2 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:BENZENE  CONV FRAC: 0.6310E-01 
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     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:HYDRO-01 CONV FRAC:  1.000     
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 140.000       
   SPECIFIED PRESSURE    PSIA                               22.0439      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SERIES REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    140.00     
   OUTLET PRESSURE       PSIA                                 22.044     
   HEAT DUTY             BTU/HR                             -0.10896E+07 
   VAPOR FRACTION                                             0.0000     
 
   REACTION EXTENTS: 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  6.7159     
      2                  2.5666     
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/31/2012  PAGE 104  
                                                                                 
                              U-O-S BLOCK SECTION                                
 BLOCK:  R-103B2  MODEL: RSTOIC (CONTINUED)           
   V-L PHASE EQUILIBRIUM :  
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.31679E-01    0.31679E-01    0.83466E-01     1.3193     
      PHENOL           0.10782        0.10782        0.86559E-03    0.40199E-02 
      WATER            0.18895        0.18895        0.17103        0.45323     
      ACETO-01         0.67067        0.67067        0.47449        0.35426     
      OXYGEN           0.81539E-03    0.81539E-03    0.27015         165.90     
      ZINC--01         0.63473E-04    0.63473E-04    0.11397E-82    0.89900E-79 
                       ***  ASSOCIATED  UTILITIES  *** 
  UTILITY ID FOR WATER                          CW 
  RATE OF CONSUMPTION                    3.6320+04  LB/HR            
  COST                                     22.6999  $/HR             
 BLOCK:  SP-101   MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          S-107    
   OUTLET STREAMS:        S-108       S-109    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5234.31         5234.31         0.00000     
       MASS(LB/HR   )            248630.         248630.         0.00000     
       ENTHALPY(BTU/HR  )       0.107983E+09    0.107983E+09     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
  FRACTION OF FLOW                 STRM=S-108    FRAC=         0.50000     
                           ***  RESULTS  *** 
  STREAM= S-108          SPLIT=          0.50000     KEY=  0    STREAM-ORDER=   
1 
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          S-109                          0.50000           0                    
2 
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 BLOCK:  SP-102   MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          S-425    
   OUTLET STREAMS:        S-424       S-421    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5.70930         5.70930         0.00000     
       MASS(LB/HR   )            589.358         589.358         0.00000     
       ENTHALPY(BTU/HR  )       -304794.        -304794.         0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
  FRACTION OF FLOW                 STRM=S-424    FRAC=         0.25000     
                           ***  RESULTS  *** 
  STREAM= S-424          SPLIT=          0.25000     KEY=  0    STREAM-ORDER=   
1 
          S-421                          0.75000           0                    
2 
 BLOCK:  ST-102   MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-140    
   OUTLET STREAM:         S-141    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6175.04         6175.04         0.00000     
       MASS(LB/HR   )            270437.         270437.         0.00000     
       ENTHALPY(BTU/HR  )      -0.957411E+08   -0.957411E+08     0.00000     
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                              U-O-S BLOCK SECTION                                
 BLOCK:  ST-102   MODEL: VALVE (CONTINUED)            
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE OUTLET PRESSURE     PSIA                         14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE PRESSURE DROP       PSI                          36.7399      
 BLOCK:  V-101    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-102    
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
185 
 
   OUTLET STREAM:         S-103    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            672.568         672.568         0.00000     
       MASS(LB/HR   )            52536.7         52536.7         0.00000     
       ENTHALPY(BTU/HR  )       0.142122E+08    0.142122E+08     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
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                              U-O-S BLOCK SECTION                                
 BLOCK:  V-101    MODEL: VALVE (CONTINUED)            
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                         22.0439      
 BLOCK:  V-102    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-105    
   OUTLET STREAM:         S-106    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)           0.133655        0.133655         0.00000     
       MASS(LB/HR   )            23.1047         23.1047         0.00000     
       ENTHALPY(BTU/HR  )       -13379.0        -13379.0         0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                         22.0439      
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 BLOCK:  V-103    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-111    
   OUTLET STREAM:         S-112    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
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                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            649.923         649.923         0.00000     
       MASS(LB/HR   )            17456.1         17456.1         0.00000     
       ENTHALPY(BTU/HR  )      -0.649662E+08   -0.649662E+08     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                         22.0439      
 BLOCK:  V-104    MODEL: SEP              
 --------------------------- 
   INLET STREAM:          INT2     
   OUTLET STREAMS:        S-113       S-114    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  V-104    MODEL: SEP (CONTINUED)              
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3276.06         3276.06         0.00000     
       MASS(LB/HR   )            141771.         141771.         0.00000     
       ENTHALPY(BTU/HR  )      -0.531533E+08   -0.521891E+08   -0.181392E-01 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   FLASH SPECS FOR STREAM S-113    
   ONE    PHASE  TP  FLASH   SPECIFIED PHASE IS  VAPOR   
   SPECIFIED PRESSURE    PSIA                               22.0439      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FLASH SPECS FOR STREAM S-114    
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FRACTION OF FEED 
     SUBSTREAM= MIXED    
       STREAM= S-113     CPT= BENZENE   FRACTION=          0.064330    
                              PHENOL                       0.00100000  
                              WATER                        0.050000    
                              ACETO-01                     0.0100000   
                              HYDRO-01                     0.0         
                              NITROGEN                     1.00000     
                              OXYGEN                       1.00000     
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                              ZINC--01                     0.0         
 
                           ***  RESULTS  *** 
   HEAT DUTY             BTU/HR                              0.96416E+06 
  COMPONENT = BENZENE  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-113      MIXED                 0.064330    
    S-114      MIXED                 0.93567     
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                              U-O-S BLOCK SECTION                                
 BLOCK:  V-104    MODEL: SEP (CONTINUED)              
  COMPONENT = PHENOL   
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-113      MIXED                 0.00100000  
    S-114      MIXED                 0.99900     
  COMPONENT = WATER    
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-113      MIXED                 0.050000    
    S-114      MIXED                 0.95000     
  COMPONENT = ACETO-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-113      MIXED                 0.0100000   
    S-114      MIXED                 0.99000     
  COMPONENT = HYDRO-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-114      MIXED                 1.00000     
  COMPONENT = OXYGEN   
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-113      MIXED                 1.00000     
  COMPONENT = ZINC--01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-114      MIXED                 1.00000     
 BLOCK:  V-105    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-115    
   OUTLET STREAM:         S-116    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3204.78         3204.78         0.00000     
       MASS(LB/HR   )            139277.         139277.         0.00000     
       ENTHALPY(BTU/HR  )      -0.500016E+08   -0.500016E+08     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  V-105    MODEL: VALVE (CONTINUED)            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
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    VALVE OUTLET PRESSURE     PSIA                         22.0439      
 BLOCK:  V-106    MODEL: SEP              
 --------------------------- 
   INLET STREAM:          INT4     
   OUTLET STREAMS:        S-117       S-118    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3205.09         3205.09         0.00000     
       MASS(LB/HR   )            139277.         139277.         0.00000     
       ENTHALPY(BTU/HR  )      -0.530219E+08   -0.520928E+08   -0.175226E-01 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   FLASH SPECS FOR STREAM S-117    
   ONE    PHASE  TP  FLASH   SPECIFIED PHASE IS  VAPOR   
   SPECIFIED PRESSURE    PSIA                               22.0439      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
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 BLOCK:  V-106    MODEL: SEP (CONTINUED)              
   FLASH SPECS FOR STREAM S-118    
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FRACTION OF FEED 
     SUBSTREAM= MIXED    
       STREAM= S-117     CPT= BENZENE   FRACTION=          0.064330    
                              PHENOL                       0.00100000  
                              WATER                        0.050000    
                              ACETO-01                     0.0100000   
                              HYDRO-01                     0.0         
                              NITROGEN                     1.00000     
                              OXYGEN                       1.00000     
                              ZINC--01                     0.0         
 
                           ***  RESULTS  *** 
   HEAT DUTY             BTU/HR                              0.92908E+06 
  COMPONENT = BENZENE  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-117      MIXED                 0.064330    
    S-118      MIXED                 0.93567     
  COMPONENT = PHENOL   
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-117      MIXED                 0.00100000  
    S-118      MIXED                 0.99900     
  COMPONENT = WATER    
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-117      MIXED                 0.050000    
    S-118      MIXED                 0.95000     
  COMPONENT = ACETO-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-117      MIXED                 0.0100000   
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    S-118      MIXED                 0.99000     
  COMPONENT = HYDRO-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-118      MIXED                 1.00000     
  COMPONENT = OXYGEN   
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-117      MIXED                 1.00000     
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  COMPONENT = ZINC--01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-118      MIXED                 1.00000     
 BLOCK:  V-107    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-119    
   OUTLET STREAM:         S-120    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3145.12         3145.12         0.00000     
       MASS(LB/HR   )            137236.         137236.         0.00000     
       ENTHALPY(BTU/HR  )      -0.498564E+08   -0.498564E+08     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                         22.0439      
 BLOCK:  V-108    MODEL: SEP              
 --------------------------- 
   INLET STREAM:          INT6     
   OUTLET STREAMS:        S-121       S-122    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
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 BLOCK:  V-108    MODEL: SEP (CONTINUED)              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3147.69         3147.69         0.00000     
       MASS(LB/HR   )            137236.         137236.         0.00000     
       ENTHALPY(BTU/HR  )      -0.509568E+08   -0.500574E+08   -0.176497E-01 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                          ***  INPUT DATA  *** 
   FLASH SPECS FOR STREAM S-121    
   ONE    PHASE  TP  FLASH   SPECIFIED PHASE IS  VAPOR   
   SPECIFIED PRESSURE    PSIA                               22.0439      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FLASH SPECS FOR STREAM S-122    
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FRACTION OF FEED 
     SUBSTREAM= MIXED    
       STREAM= S-121     CPT= BENZENE   FRACTION=          0.064330    
                              PHENOL                       0.00100000  
                              WATER                        0.050000    
                              ACETO-01                     0.0100000   
                              HYDRO-01                     0.0         
                              NITROGEN                     1.00000     
                              OXYGEN                       1.00000     
                              ZINC--01                     0.0         
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                           ***  RESULTS  *** 
   HEAT DUTY             BTU/HR                              0.89937E+06 
  COMPONENT = BENZENE  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-121      MIXED                 0.064330    
    S-122      MIXED                 0.93567     
  COMPONENT = PHENOL   
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-121      MIXED                 0.00100000  
    S-122      MIXED                 0.99900     
  COMPONENT = WATER    
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-121      MIXED                 0.050000    
    S-122      MIXED                 0.95000     
  COMPONENT = ACETO-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-121      MIXED                 0.0100000   
    S-122      MIXED                 0.99000     
  COMPONENT = OXYGEN   
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-121      MIXED                 1.00000     
  COMPONENT = ZINC--01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-122      MIXED                 1.00000     
 BLOCK:  V-109    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-124    
   OUTLET STREAM:         S-125    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            649.923         649.923         0.00000     
       MASS(LB/HR   )            17456.1         17456.1         0.00000     
       ENTHALPY(BTU/HR  )      -0.649662E+08   -0.649662E+08     0.00000     
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                              U-O-S BLOCK SECTION                                
 BLOCK:  V-109    MODEL: VALVE (CONTINUED)            
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                         22.0439      
 BLOCK:  V-110    MODEL: SEP              
 --------------------------- 
   INLET STREAM:          INT8     
   OUTLET STREAMS:        S-126       S-127    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3276.06         3276.06         0.00000     
       MASS(LB/HR   )            141771.         141771.         0.00000     
       ENTHALPY(BTU/HR  )      -0.531533E+08   -0.521891E+08   -0.181392E-01 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                          ***  INPUT DATA  *** 
   FLASH SPECS FOR STREAM S-126    
   ONE    PHASE  TP  FLASH   SPECIFIED PHASE IS  VAPOR   
   SPECIFIED PRESSURE    PSIA                               22.0439      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FLASH SPECS FOR STREAM S-127    
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FRACTION OF FEED 
     SUBSTREAM= MIXED    
       STREAM= S-126     CPT= BENZENE   FRACTION=          0.064330    
                              PHENOL                       0.00100000  
                              WATER                        0.050000    
                              ACETO-01                     0.0100000   
                              HYDRO-01                     0.0         
                              NITROGEN                     1.00000     
                              OXYGEN                       1.00000     
                              ZINC--01                     0.0         
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                           ***  RESULTS  *** 
   HEAT DUTY             BTU/HR                              0.96416E+06 
  COMPONENT = BENZENE  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-126      MIXED                 0.064330    
    S-127      MIXED                 0.93567     
  COMPONENT = PHENOL   
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-126      MIXED                 0.00100000  
    S-127      MIXED                 0.99900     
  COMPONENT = WATER    
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-126      MIXED                 0.050000    
    S-127      MIXED                 0.95000     
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  COMPONENT = ACETO-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-126      MIXED                 0.0100000   
    S-127      MIXED                 0.99000     
  COMPONENT = HYDRO-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-127      MIXED                 1.00000     
  COMPONENT = OXYGEN   
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-126      MIXED                 1.00000     
  COMPONENT = ZINC--01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-127      MIXED                 1.00000     
 BLOCK:  V-111    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-128    
   OUTLET STREAM:         S-129    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3204.78         3204.78         0.00000     
       MASS(LB/HR   )            139277.         139277.         0.00000     
       ENTHALPY(BTU/HR  )      -0.500016E+08   -0.500016E+08     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
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 BLOCK:  V-111    MODEL: VALVE (CONTINUED)            
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                         22.0439      
 BLOCK:  V-112    MODEL: SEP              
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 --------------------------- 
   INLET STREAM:          INT10    
   OUTLET STREAMS:        S-130       S-131    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3205.09         3205.09         0.00000     
       MASS(LB/HR   )            139277.         139277.         0.00000     
       ENTHALPY(BTU/HR  )      -0.530219E+08   -0.520928E+08   -0.175226E-01 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   FLASH SPECS FOR STREAM S-130    
   ONE    PHASE  TP  FLASH   SPECIFIED PHASE IS  VAPOR   
   SPECIFIED PRESSURE    PSIA                               22.0439      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FLASH SPECS FOR STREAM S-131    
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
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   FRACTION OF FEED 
     SUBSTREAM= MIXED    
       STREAM= S-130     CPT= BENZENE   FRACTION=          0.064330    
                              PHENOL                       0.00100000  
                              WATER                        0.050000    
                              ACETO-01                     0.0100000   
                              HYDRO-01                     0.0         
                              NITROGEN                     1.00000     
                              OXYGEN                       1.00000     
                              ZINC--01                     0.0         
 
                           ***  RESULTS  *** 
   HEAT DUTY             BTU/HR                              0.92908E+06 
  COMPONENT = BENZENE  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-130      MIXED                 0.064330    
    S-131      MIXED                 0.93567     
  COMPONENT = PHENOL   
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-130      MIXED                 0.00100000  
    S-131      MIXED                 0.99900     
  COMPONENT = WATER    
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-130      MIXED                 0.050000    
    S-131      MIXED                 0.95000     
  COMPONENT = ACETO-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-130      MIXED                 0.0100000   
    S-131      MIXED                 0.99000     
  COMPONENT = HYDRO-01 
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    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-131      MIXED                 1.00000     
  COMPONENT = OXYGEN   
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-130      MIXED                 1.00000     
  COMPONENT = ZINC--01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-131      MIXED                 1.00000     
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 BLOCK:  V-113    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-132    
   OUTLET STREAM:         S-133    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3145.12         3145.12         0.00000     
       MASS(LB/HR   )            137236.         137236.         0.00000     
       ENTHALPY(BTU/HR  )      -0.498564E+08   -0.498564E+08     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                         22.0439      
 BLOCK:  V-114    MODEL: SEP              
 --------------------------- 
   INLET STREAM:          INT12    
   OUTLET STREAMS:        S-134       S-135    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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 BLOCK:  V-114    MODEL: SEP (CONTINUED)              
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3147.69         3147.69         0.00000     
       MASS(LB/HR   )            137236.         137236.         0.00000     
       ENTHALPY(BTU/HR  )      -0.509568E+08   -0.500574E+08   -0.176497E-01 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   FLASH SPECS FOR STREAM S-134    
   ONE    PHASE  TP  FLASH   SPECIFIED PHASE IS  VAPOR   
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   SPECIFIED PRESSURE    PSIA                               22.0439      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FLASH SPECS FOR STREAM S-135    
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   FRACTION OF FEED 
     SUBSTREAM= MIXED    
       STREAM= S-134     CPT= BENZENE   FRACTION=          0.064330    
                              PHENOL                       0.00100000  
                              WATER                        0.050000    
                              ACETO-01                     0.0100000   
                              HYDRO-01                     0.0         
                              NITROGEN                     1.00000     
                              OXYGEN                       1.00000     
                              ZINC--01                     0.0         
 
                           ***  RESULTS  *** 
   HEAT DUTY             BTU/HR                              0.89937E+06 
  COMPONENT = BENZENE  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-134      MIXED                 0.064330    
    S-135      MIXED                 0.93567     
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 BLOCK:  V-114    MODEL: SEP (CONTINUED)              
  COMPONENT = PHENOL   
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-134      MIXED                 0.00100000  
    S-135      MIXED                 0.99900     
  COMPONENT = WATER    
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-134      MIXED                 0.050000    
    S-135      MIXED                 0.95000     
  COMPONENT = ACETO-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-134      MIXED                 0.0100000   
    S-135      MIXED                 0.99000     
  COMPONENT = OXYGEN   
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-134      MIXED                 1.00000     
  COMPONENT = ZINC--01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-135      MIXED                 1.00000     
 BLOCK:  V-201    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-142    
   OUTLET STREAM:         S-207    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6175.04         6175.04         0.00000     
       MASS(LB/HR   )            270437.         270437.         0.00000     
       ENTHALPY(BTU/HR  )      -0.955093E+08   -0.955093E+08     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
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    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
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 BLOCK:  V-201    MODEL: VALVE (CONTINUED)            
                          FLASH SPECIFICATIONS: 
    PHASE                                                 LIQUID   
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                        176.351       
 BLOCK:  V-202    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-202    
   OUTLET STREAM:         S-203    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            382.828         382.828         0.00000     
       MASS(LB/HR   )            13104.8         13104.8         0.00000     
       ENTHALPY(BTU/HR  )      -0.192501E+08   -0.192501E+08     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                        146.959       
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 BLOCK:  V-203    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-213    
   OUTLET STREAM:         S-214    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            9920.80         9920.80         0.00000     
       MASS(LB/HR   )            178726.         178726.         0.00000     
       ENTHALPY(BTU/HR  )      -0.121907E+10   -0.121907E+10     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
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    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                         22.0439      
 BLOCK:  V-204    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-210    
   OUTLET STREAM:         S-211    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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 BLOCK:  V-204    MODEL: VALVE (CONTINUED)            
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            824.277         824.277         0.00000     
       MASS(LB/HR   )            26474.6         26474.6       -0.274828E-15 
       ENTHALPY(BTU/HR  )      -0.438745E+08   -0.438745E+08    0.339632E-15 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    PHASE                                                 LIQUID   
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                        132.264       
 BLOCK:  V-205    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-217    
   OUTLET STREAM:         S-218    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            49604.0         49604.0         0.00000     
       MASS(LB/HR   )            893630.         893630.         0.00000     
       ENTHALPY(BTU/HR  )      -0.609535E+10   -0.609535E+10     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/31/2012  PAGE 127  
                                                                                 
                              U-O-S BLOCK SECTION                                
 BLOCK:  V-205    MODEL: VALVE (CONTINUED)            
    VALVE PRESSURE DROP       PSI                          14.6959      
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    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                         22.0439      
 BLOCK:  V-301    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-301    
   OUTLET STREAM:         S-302    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5220.11         5220.11         0.00000     
       MASS(LB/HR   )            258688.         258688.         0.00000     
       ENTHALPY(BTU/HR  )       0.836572E+08    0.836572E+08     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                        154.307       
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 BLOCK:  V-302    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-307    
   OUTLET STREAM:         S-308    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5207.91         5207.91         0.00000     
       MASS(LB/HR   )            204659.         204659.         0.00000     
       ENTHALPY(BTU/HR  )      -0.153250E+09   -0.153250E+09    0.191783E-07 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                        139.612       
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 BLOCK:  V-303    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-305    
   OUTLET STREAM:         S-306    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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 BLOCK:  V-303    MODEL: VALVE (CONTINUED)            
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3543.74         3543.74         0.00000     
       MASS(LB/HR   )            171015.         171015.         0.00000     
       ENTHALPY(BTU/HR  )       0.104116E+08    0.104116E+08     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    PHASE                                                 LIQUID   
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                         44.0878      
 BLOCK:  V-304    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-310    
   OUTLET STREAM:         S-311    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            115.032         115.032         0.00000     
       MASS(LB/HR   )            4578.82         4578.82         0.00000     
       ENTHALPY(BTU/HR  )      -0.148836E+07   -0.148836E+07     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  V-304    MODEL: VALVE (CONTINUED)            
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                        154.307       
 BLOCK:  V-401    MODEL: VALVE            
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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 ----------------------------- 
   INLET STREAM:          S-403    
   OUTLET STREAM:         S-404    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            681.212         681.212         0.00000     
       MASS(LB/HR   )            63817.0         63817.0         0.00000     
       ENTHALPY(BTU/HR  )      -0.328776E+08   -0.328776E+08     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE OUTLET PRESSURE     PSIA                         23.5135      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE PRESSURE DROP       PSI                          15.1264      
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                              U-O-S BLOCK SECTION                                
 BLOCK:  V-405    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-417    
   OUTLET STREAM:         S-401    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            353.231         353.231         0.00000     
       MASS(LB/HR   )            9717.56         9717.56         0.00000     
       ENTHALPY(BTU/HR  )      -0.155302E+08   -0.155302E+08     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                        154.307       
 BLOCK:  V-406    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-419    
   OUTLET STREAM:         S-420    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  V-406    MODEL: VALVE (CONTINUED)            
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            18.4286         18.4286         0.00000     
       MASS(LB/HR   )            756.540         756.540         0.00000     
       ENTHALPY(BTU/HR  )        324963.         324963.         0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                         22.0439      
 BLOCK:  V-407    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-423    
   OUTLET STREAM:         S-137    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            22.7105         22.7105         0.00000     
       MASS(LB/HR   )            1198.56         1198.56         0.00000     
       ENTHALPY(BTU/HR  )        96582.5         96582.5         0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/31/2012  PAGE 133  
                                                                                 
                              U-O-S BLOCK SECTION                                
 BLOCK:  V-407    MODEL: VALVE (CONTINUED)            
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                         22.0439      
 BLOCK:  V-408    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-412    
   OUTLET STREAM:         S-413    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            22046.2         22046.2         0.00000     
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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       MASS(LB/HR   )            397169.         397169.         0.00000     
       ENTHALPY(BTU/HR  )      -0.270903E+10   -0.270903E+10     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                         29.3919      
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                              U-O-S BLOCK SECTION                                
 BLOCK:  V-409    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-212    
   OUTLET STREAM:         S-407    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1664.17         1664.17         0.00000     
       MASS(LB/HR   )            33644.1         33644.1         0.00000     
       ENTHALPY(BTU/HR  )      -0.175923E+09   -0.175923E+09     0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                         36.7399      
 BLOCK:  V-411    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-408    
   OUTLET STREAM:         S-409    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  V-411    MODEL: VALVE (CONTINUED)            
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1310.94         1310.94         0.00000     
       MASS(LB/HR   )            23926.6         23926.6        0.152048E-15 
       ENTHALPY(BTU/HR  )      -0.155172E+09   -0.155172E+09   -0.192059E-15 
                      ***  CO2 EQUIVALENT SUMMARY *** 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                         22.9439      
 BLOCK:  V-501    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-502    
   OUTLET STREAM:         S-503    
   PROPERTY OPTION SET:   EPNRTL    / REDLICH-KWONG                              
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)           0.551156        0.551156         0.00000     
       MASS(LB/HR   )            15.4398         15.4398         0.00000     
       ENTHALPY(BTU/HR  )        852.667         852.667         0.00000     
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
                          ***  INPUT DATA  *** 
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                              U-O-S BLOCK SECTION                                
 BLOCK:  V-501    MODEL: VALVE (CONTINUED)            
    VALVE PRESSURE DROP       PSI                          14.6959      
    VALVE FLOW COEF CALC.                                 NO   
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
                          ***  RESULTS  *** 
    VALVE OUTLET PRESSURE     PSIA                         22.0439      
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                                 STREAM SECTION                                  
 STREAM COSTS                                     
 ------------ 
 ID                                 PRICE                           COST $/HR             
 -----------                        -----------------------------   -----------
- 
 S-101                                  0.4000   $/LB                2.1015+04   
 S-104                                 10.0000   $/LB                 231.0470   
 S-110                                  0.5000   $/LB                8728.0408   
 S-123                                  0.5000   $/LB                8728.0408   
 S-138B                                 0.0      $/LB                   0.0      
 S-216                               5.6104-04   $/CUFT                 8.0538   
 S-221                               5.6104-04   $/CUFT                 1.6108   
 S-411                               5.6104-04   $/CUFT                 3.5795   
 S-418                                  0.7000   $/LB                 529.5778   
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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 S-501                               5.0000-02   $/LB                   0.7720   
 S-138                                  0.0      $/LB                   0.0      
 S-206                                  0.0      $/LB                   0.0      
 S-215                                  0.0      $/LB                   0.0      
 S-219                                  0.0      $/LB                   0.0      
 S-406                                  0.8000   $/LB                5.0582+04   
 S-410                               3.3000-03   $/LB                  78.9577   
 S-415                                  0.0      $/LB                   0.0      
 S-504                                 10.0000   $/LB                 227.2885   
 S-505                                  0.0      $/LB                   0.0      
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 INT1 INT10 INT11 INT12 INT13                     
 ---------------------------- 
 STREAM ID               INT1       INT10      INT11      INT12      INT13    
 FROM :                  R-101A1    R-102B2    R-103B1    R-103B2    FR-501A1 
 TO   :                  R-101A2    V-112      R-103B2    V-114      FR-501A2 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     MIXED   
 COMPONENTS: LBMOL/HR         
   BENZENE              451.9476   113.7507   106.4331    99.7172  1.9266-08 
   PHENOL                 4.5089   333.0045   332.6715   339.3875     1.3258 
   WATER                297.2694   613.5951   582.9153   594.7645  2.1734-13 
   ACETO-01            2153.9163  2132.3772  2111.0534  2111.0534  1.6065-03 
   HYDRO-01             359.2348    11.8491    11.8491     0.0     7.9366-14 
   NITROGEN               0.0        0.0        0.0        0.0        0.5512 
   OXYGEN                 0.0        0.3089     0.0        2.5666     0.0    
   ZINC--01               0.1998     0.1998     0.1998     0.1998  9.9897-02 
 COMPONENTS: MOLE FRAC        
   BENZENE                0.1383  3.5491-02  3.3841-02  3.1679-02  9.7378-09 
   PHENOL              1.3801-03     0.1039     0.1058     0.1078     0.6701 
   WATER               9.0989-02     0.1914     0.1853     0.1890  1.0985-13 
   ACETO-01               0.6593     0.6653     0.6712     0.6707  8.1198-04 
   HYDRO-01               0.1100  3.6970-03  3.7675-03     0.0     4.0115-14 
   NITROGEN               0.0        0.0        0.0        0.0        0.2786 
   OXYGEN                 0.0     9.6383-05     0.0     8.1539-04     0.0    
   ZINC--01            6.1154-05  6.2336-05  6.3525-05  6.3473-05  5.0492-02 
 COMPONENTS: LB/HR            
   BENZENE             3.5303+04  8885.4811  8313.8781  7789.2724  1.5049-06 
   PHENOL               424.3477  3.1340+04  3.1309+04  3.1941+04   124.7771 
   WATER               5355.3911  1.1054+04  1.0501+04  1.0715+04  3.9154-12 
   ACETO-01            8.8424+04  8.7540+04  8.6664+04  8.6664+04  6.5951-02 
   HYDRO-01            1.2219+04   403.0446   403.0446     0.0     2.6996-12 
   NITROGEN               0.0        0.0        0.0        0.0       15.4398 
   OXYGEN                 0.0        9.8849     0.0       82.1283     0.0    
   ZINC--01              44.9931    44.9931    44.9931    44.9931    22.4965 
 COMPONENTS: MASS FRAC        
   BENZENE                0.2490  6.3797-02  6.0581-02  5.6758-02  9.2452-09 
   PHENOL              2.9932-03     0.2250     0.2281     0.2327     0.7665 
   WATER               3.7775-02  7.9368-02  7.6521-02  7.8076-02  2.4053-14 
   ACETO-01               0.6237     0.6285     0.6315     0.6315  4.0515-04 
   HYDRO-01            8.6190-02  2.8938-03  2.9369-03     0.0     1.6585-14 
   NITROGEN               0.0        0.0        0.0        0.0     9.4851-02 
   OXYGEN                 0.0     7.0973-05     0.0     5.9844-04     0.0    
   ZINC--01            3.1736-04  3.2305-04  3.2785-04  3.2785-04     0.1382 
 TOTAL FLOW:      
   LBMOL/HR            3267.0769  3205.0853  3145.1223  3147.6889     1.9785 
   LB/HR               1.4177+05  1.3928+05  1.3724+05  1.3724+05   162.7794 
   CUFT/HR             2886.9998  2696.5062  2657.2124  2654.9787  1655.3091 
 STATE VARIABLES: 
   TEMP   F             140.0000   140.0000   140.0000   140.0000   752.0000 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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   PRES   PSIA           22.0439    22.0439    22.0439    22.0439    14.6959 
   VFRAC                  0.0        0.0        0.0        0.0        0.9483 
   LFRAC                  1.0000     1.0000     1.0000     1.0000  5.1741-02 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 INT1 INT10 INT11 INT12 INT13 (CONTINUED)             
 STREAM ID               INT1       INT10      INT11      INT12      INT13    
 ENTHALPY:        
   BTU/LBMOL          -3881.6593 -1.6543+04 -1.5855+04 -1.6189+04 -1.3833+04 
   BTU/LB               -89.4518  -380.6937  -363.3676  -371.3071  -168.1292 
   BTU/HR             -1.2682+07 -5.3022+07 -4.9867+07 -5.0957+07 -2.7368+04 
 ENTROPY:         
   BTU/LBMOL-R          -37.5046   -38.4446   -38.4831   -38.4904     0.4614 
   BTU/LB-R              -0.8643    -0.8847    -0.8819    -0.8828  5.6078-03 
 DENSITY:         
   LBMOL/CUFT             1.1317     1.1886     1.1836     1.1856  1.1952-03 
   LB/CUFT               49.1067    51.6510    51.6467    51.6901  9.8338-02 
 AVG MW                  43.3939    43.4550    43.6346    43.5990    82.2749 
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                                 STREAM SECTION                                  
 INT2 INT3 INT4 INT5 INT6                         
 ------------------------ 
 STREAM ID               INT2       INT3       INT4       INT5       INT6     
 FROM :                  R-101A2    R-102A1    R-102A2    R-103A1    R-103A2  
 TO   :                  V-104      R-102A2    V-106      R-103A2    V-108    
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE              145.9791   136.5883   113.7507   106.4331    99.7172 
   PHENOL               310.4775   310.1670   333.0045   332.6715   339.3875 
   WATER                621.1997   590.1397   613.5951   582.9153   594.7645 
   ACETO-01            2153.9163  2132.3772  2132.3772  2111.0534  2111.0534 
   HYDRO-01              35.3045    35.3045    11.8491    11.8491     0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 8.9809     0.0        0.3089     0.0        2.5666 
   ZINC--01               0.1998     0.1998     0.1998     0.1998     0.1998 
 COMPONENTS: MOLE FRAC        
   BENZENE             4.4559-02  4.2620-02  3.5491-02  3.3841-02  3.1679-02 
   PHENOL              9.4772-02  9.6783-02     0.1039     0.1058     0.1078 
   WATER                  0.1896     0.1841     0.1914     0.1853     0.1890 
   ACETO-01               0.6575     0.6654     0.6653     0.6712     0.6707 
   HYDRO-01            1.0777-02  1.1016-02  3.6970-03  3.7675-03     0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN              2.7414-03     0.0     9.6383-05     0.0     8.1539-04 
   ZINC--01            6.0986-05  6.2342-05  6.2336-05  6.3525-05  6.3473-05 
 COMPONENTS: LB/HR            
   BENZENE             1.1403+04  1.0669+04  8885.4811  8313.8781  7789.2724 
   PHENOL              2.9220+04  2.9191+04  3.1340+04  3.1309+04  3.1941+04 
   WATER               1.1191+04  1.0632+04  1.1054+04  1.0501+04  1.0715+04 
   ACETO-01            8.8424+04  8.7540+04  8.7540+04  8.6664+04  8.6664+04 
   HYDRO-01            1200.8721  1200.8721   403.0446   403.0446     0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN               287.3771     0.0        9.8849     0.0       82.1283 
   ZINC--01              44.9931    44.9931    44.9931    44.9931    44.9931 
 COMPONENTS: MASS FRAC        
   BENZENE             8.0432-02  7.6606-02  6.3797-02  6.0581-02  5.6758-02 
   PHENOL                 0.2061     0.2096     0.2250     0.2281     0.2327 
   WATER               7.8938-02  7.6334-02  7.9368-02  7.6521-02  7.8076-02 
   ACETO-01               0.6237     0.6285     0.6285     0.6315     0.6315 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
206 
 
   HYDRO-01            8.4705-03  8.6222-03  2.8938-03  2.9369-03     0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN              2.0271-03     0.0     7.0973-05     0.0     5.9844-04 
   ZINC--01            3.1736-04  3.2305-04  3.2305-04  3.2785-04  3.2785-04 
 TOTAL FLOW:      
   LBMOL/HR            3276.0578  3204.7764  3205.0853  3145.1223  3147.6889 
   LB/HR               1.4177+05  1.3928+05  1.3928+05  1.3724+05  1.3724+05 
   CUFT/HR             2758.4522  2706.7801  2696.5062  2657.2124  2654.9787 
 STATE VARIABLES: 
   TEMP   F             140.0000   140.0000   140.0000   140.0000   140.0000 
   PRES   PSIA           22.0439    22.0439    22.0439    22.0439    22.0439 
   VFRAC                  0.0        0.0        0.0        0.0        0.0    
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 INT2 INT3 INT4 INT5 INT6 (CONTINUED)                 
 STREAM ID               INT2       INT3       INT4       INT5       INT6     
 ENTHALPY:        
   BTU/LBMOL          -1.6225+04 -1.5606+04 -1.6543+04 -1.5855+04 -1.6189+04 
   BTU/LB              -374.9233  -359.0866  -380.6937  -363.3676  -371.3071 
   BTU/HR             -5.3153+07 -5.0013+07 -5.3022+07 -4.9867+07 -5.0957+07 
 ENTROPY:         
   BTU/LBMOL-R          -38.1905   -38.3217   -38.4446   -38.4831   -38.4904 
   BTU/LB-R              -0.8825    -0.8818    -0.8847    -0.8819    -0.8828 
 DENSITY:         
   LBMOL/CUFT             1.1876     1.1840     1.1886     1.1836     1.1856 
   LB/CUFT               51.3951    51.4549    51.6510    51.6467    51.6901 
 AVG MW                  43.2749    43.4592    43.4550    43.6346    43.5990 
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 INT7 INT8 INT9 S-101 S-102                       
 -------------------------- 
 STREAM ID               INT7       INT8       INT9       S-101      S-102    
 FROM :                  R-101B1    R-101B2    R-102B1    ----       P-101    
 TO   :                  R-101B2    V-110      R-102B2    P-101      V-101    
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE              451.9476   145.9791   136.5883   672.5681   672.5681 
   PHENOL                 4.5089   310.4775   310.1670     0.0        0.0    
   WATER                297.2694   621.1997   590.1397     0.0        0.0    
   ACETO-01            2153.9163  2153.9163  2132.3772     0.0        0.0    
   HYDRO-01             359.2348    35.3045    35.3045     0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        8.9809     0.0        0.0        0.0    
   ZINC--01               0.1998     0.1998     0.1998     0.0        0.0    
 COMPONENTS: MOLE FRAC        
   BENZENE                0.1383  4.4559-02  4.2620-02     1.0000     1.0000 
   PHENOL              1.3801-03  9.4772-02  9.6783-02     0.0        0.0    
   WATER               9.0989-02     0.1896     0.1841     0.0        0.0    
   ACETO-01               0.6593     0.6575     0.6654     0.0        0.0    
   HYDRO-01               0.1100  1.0777-02  1.1016-02     0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0     2.7414-03     0.0        0.0        0.0    
   ZINC--01            6.1154-05  6.0986-05  6.2342-05     0.0        0.0    
 COMPONENTS: LB/HR            
   BENZENE             3.5303+04  1.1403+04  1.0669+04  5.2537+04  5.2537+04 
   PHENOL               424.3477  2.9220+04  2.9191+04     0.0        0.0    
   WATER               5355.3911  1.1191+04  1.0632+04     0.0        0.0    
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
207 
 
   ACETO-01            8.8424+04  8.8424+04  8.7540+04     0.0        0.0    
   HYDRO-01            1.2219+04  1200.8721  1200.8721     0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0      287.3771     0.0        0.0        0.0    
   ZINC--01              44.9931    44.9931    44.9931     0.0        0.0    
 COMPONENTS: MASS FRAC        
   BENZENE                0.2490  8.0432-02  7.6606-02     1.0000     1.0000 
   PHENOL              2.9932-03     0.2061     0.2096     0.0        0.0    
   WATER               3.7775-02  7.8938-02  7.6334-02     0.0        0.0    
   ACETO-01               0.6237     0.6237     0.6285     0.0        0.0    
   HYDRO-01            8.6190-02  8.4705-03  8.6222-03     0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0     2.0271-03     0.0        0.0        0.0    
   ZINC--01            3.1736-04  3.1736-04  3.2305-04     0.0        0.0    
 COST:            
   $/HR                  MISSING    MISSING    MISSING  2.1015+04    MISSING 
 TOTAL FLOW:      
   LBMOL/HR            3267.0769  3276.0578  3204.7764   672.5681   672.5681 
   LB/HR               1.4177+05  1.4177+05  1.3928+05  5.2537+04  5.2537+04 
   CUFT/HR             2886.9998  2758.4522  2706.7801   965.0081   965.2107 
 STATE VARIABLES: 
   TEMP   F             140.0000   140.0000   140.0000    77.0000    77.3306 
   PRES   PSIA           22.0439    22.0439    22.0439    14.6959    36.7399 
   VFRAC                  0.0        0.0        0.0        0.0        0.0    
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 INT7 INT8 INT9 S-101 S-102 (CONTINUED)               
 STREAM ID               INT7       INT8       INT9       S-101      S-102    
 ENTHALPY:        
   BTU/LBMOL          -3881.6593 -1.6225+04 -1.5606+04  2.1121+04  2.1131+04 
   BTU/LB               -89.4518  -374.9233  -359.0866   270.3849   270.5190 
   BTU/HR             -1.2682+07 -5.3153+07 -5.0013+07  1.4205+07  1.4212+07 
 ENTROPY:         
   BTU/LBMOL-R          -37.5046   -38.1905   -38.3217   -60.3330   -60.3137 
   BTU/LB-R              -0.8643    -0.8825    -0.8818    -0.7724    -0.7721 
 DENSITY:         
   LBMOL/CUFT             1.1317     1.1876     1.1840     0.6970     0.6968 
   LB/CUFT               49.1067    51.3951    51.4549    54.4418    54.4303 
 AVG MW                  43.3939    43.2749    43.4592    78.1136    78.1136 
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 S-103 S-104 S-105 S-106 S-107                    
 ----------------------------- 
 STREAM ID               S-103      S-104      S-105      S-106      S-107    
 FROM :                  V-101      ----       P-102      V-102      M-101    
 TO   :                  M-101      P-102      V-102      M-101      SP-101   
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE              672.5681     0.0        0.0        0.0      903.8953 
   PHENOL                 0.0        0.0        0.0        0.0        9.0178 
   WATER                  0.0     3.3758-02  3.3758-02  3.3758-02    13.1629 
   ACETO-01               0.0        0.0        0.0        0.0     4307.8327 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.0     9.9897-02  9.9897-02  9.9897-02     0.3996 
 COMPONENTS: MOLE FRAC        
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
208 
 
   BENZENE                1.0000     0.0        0.0        0.0        0.1727 
   PHENOL                 0.0        0.0        0.0        0.0     1.7228-03 
   WATER                  0.0        0.2526     0.2526     0.2526  2.5147-03 
   ACETO-01               0.0        0.0        0.0        0.0        0.8230 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.7474     0.7474     0.7474  7.6340-05 
 COMPONENTS: LB/HR            
   BENZENE             5.2537+04     0.0        0.0        0.0     7.0607+04 
   PHENOL                 0.0        0.0        0.0        0.0      848.6954 
   WATER                  0.0        0.6082     0.6082     0.6082   237.1330 
   ACETO-01               0.0        0.0        0.0        0.0     1.7685+05 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.0       22.4965    22.4965    22.4965    89.9861 
 COMPONENTS: MASS FRAC        
   BENZENE                1.0000     0.0        0.0        0.0        0.2840 
   PHENOL                 0.0        0.0        0.0        0.0     3.4135-03 
   WATER                  0.0     2.6322-02  2.6322-02  2.6322-02  9.5376-04 
   ACETO-01               0.0        0.0        0.0        0.0        0.7113 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.9737     0.9737     0.9737  3.6193-04 
 COST:            
   $/HR                  MISSING   231.0470    MISSING    MISSING    MISSING 
 TOTAL FLOW:      
   LBMOL/HR             672.5681     0.1337     0.1337     0.1337  5234.3083 
   LB/HR               5.2537+04    23.1047    23.1047    23.1047  2.4863+05 
   CUFT/HR              965.2107     0.4852     0.4855     0.4855  5339.9360 
 STATE VARIABLES: 
   TEMP   F              77.3306    77.0000    79.9510    79.9618   180.0258 
   PRES   PSIA           22.0439    14.6959    36.7399    22.0439    22.0439 
   VFRAC                  0.0        0.0        0.0        0.0        0.0    
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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                                 STREAM SECTION                                  
 S-103 S-104 S-105 S-106 S-107 (CONTINUED)            
 STREAM ID               S-103      S-104      S-105      S-106      S-107    
 ENTHALPY:        
   BTU/LBMOL           2.1131+04 -1.0015+05 -1.0010+05 -1.0010+05  2.0630+04 
   BTU/LB               270.5190  -579.3493  -579.0595  -579.0595   434.3126 
   BTU/HR              1.4212+07 -1.3386+04 -1.3379+04 -1.3379+04  1.0798+08 
 ENTROPY:         
   BTU/LBMOL-R          -60.3137   158.3066   158.4950   158.4958   -35.2282 
   BTU/LB-R              -0.7721     0.9158     0.9169     0.9169    -0.7416 
 DENSITY:         
   LBMOL/CUFT             0.6968     0.2754     0.2753     0.2753     0.9802 
   LB/CUFT               54.4303    47.6161    47.5912    47.5911    46.5605 
 AVG MW                  78.1136   172.8681   172.8681   172.8681    47.5001 
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 S-108 S-109 S-110 S-111 S-112                    
 ----------------------------- 
 STREAM ID               S-108      S-109      S-110      S-111      S-112    
 FROM :                  SP-101     SP-101     ----       P-103      V-103    
 TO   :                  R-101A1    R-101B1    P-103      V-103      R-101A1  
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
209 
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE              451.9476   451.9476     0.0        0.0        0.0    
   PHENOL                 4.5089     4.5089     0.0        0.0        0.0    
   WATER                  6.5814     6.5814   290.6879   290.6879   290.6879 
   ACETO-01            2153.9163  2153.9163     0.0        0.0        0.0    
   HYDRO-01               0.0        0.0      359.2348   359.2348   359.2348 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.1998     0.1998     0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   BENZENE                0.1727     0.1727     0.0        0.0        0.0    
   PHENOL              1.7228-03  1.7228-03     0.0        0.0        0.0    
   WATER               2.5147-03  2.5147-03     0.4473     0.4473     0.4473 
   ACETO-01               0.8230     0.8230     0.0        0.0        0.0    
   HYDRO-01               0.0        0.0        0.5527     0.5527     0.5527 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01            7.6340-05  7.6340-05     0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   BENZENE             3.5303+04  3.5303+04     0.0        0.0        0.0    
   PHENOL               424.3477   424.3477     0.0        0.0        0.0    
   WATER                118.5665   118.5665  5236.8246  5236.8246  5236.8246 
   ACETO-01            8.8424+04  8.8424+04     0.0        0.0        0.0    
   HYDRO-01               0.0        0.0     1.2219+04  1.2219+04  1.2219+04 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01              44.9931    44.9931     0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   BENZENE                0.2840     0.2840     0.0        0.0        0.0    
   PHENOL              3.4135-03  3.4135-03     0.0        0.0        0.0    
   WATER               9.5376-04  9.5376-04     0.3000     0.3000     0.3000 
   ACETO-01               0.7113     0.7113     0.0        0.0        0.0    
   HYDRO-01               0.0        0.0        0.7000     0.7000     0.7000 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01            3.6193-04  3.6193-04     0.0        0.0        0.0    
 COST:            
   $/HR                  MISSING    MISSING  8728.0408    MISSING    MISSING 
 TOTAL FLOW:      
   LBMOL/HR            2617.1541  2617.1541   649.9228   649.9228   649.9228 
   LB/HR               1.2431+05  1.2431+05  1.7456+04  1.7456+04  1.7456+04 
   CUFT/HR             2669.9680  2669.9680   219.9088   219.9158   219.9209 
 STATE VARIABLES: 
   TEMP   F             180.0258   180.0258    77.0000    77.1846    77.2018 
   PRES   PSIA           22.0439    22.0439    14.6959    36.7399    22.0439 
   VFRAC                  0.0        0.0        0.0        0.0        0.0    
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/31/2012  PAGE 147  
                                                                                 
                                 STREAM SECTION                                  
 S-108 S-109 S-110 S-111 S-112 (CONTINUED)            
 STREAM ID               S-108      S-109      S-110      S-111      S-112    
 ENTHALPY:        
   BTU/LBMOL           2.0630+04  2.0630+04 -9.9964+04 -9.9960+04 -9.9960+04 
   BTU/LB               434.3126   434.3126 -3721.8416 -3721.6938 -3721.6938 
   BTU/HR              5.3992+07  5.3992+07 -6.4969+07 -6.4966+07 -6.4966+07 
 ENTROPY:         
   BTU/LBMOL-R          -35.2282   -35.2282   -46.1140   -46.1078   -46.1071 
   BTU/LB-R              -0.7416    -0.7416    -1.7169    -1.7167    -1.7167 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
210 
 
 DENSITY:         
   LBMOL/CUFT             0.9802     0.9802     2.9554     2.9553     2.9553 
   LB/CUFT               46.5605    46.5605    79.3787    79.3762    79.3744 
 AVG MW                  47.5001    47.5001    26.8587    26.8587    26.8587 
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 S-113 S-114 S-115 S-116 S-117                    
 ----------------------------- 
 STREAM ID               S-113      S-114      S-115      S-116      S-117    
 FROM :                  V-104      V-104      P-104      V-105      V-106    
 TO   :                  M-103      P-104      V-105      R-102A1    M-103    
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      LIQUID     LIQUID     LIQUID     VAPOR   
 COMPONENTS: LBMOL/HR         
   BENZENE                9.3908   136.5883   136.5883   136.5883     7.3176 
   PHENOL                 0.3105   310.1670   310.1670   310.1670     0.3330 
   WATER                 31.0600   590.1397   590.1397   590.1397    30.6798 
   ACETO-01              21.5392  2132.3772  2132.3772  2132.3772    21.3238 
   HYDRO-01               0.0       35.3045    35.3045    35.3045     0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 8.9809     0.0        0.0        0.0        0.3089 
   ZINC--01               0.0        0.1998     0.1998     0.1998     0.0    
 COMPONENTS: MOLE FRAC        
   BENZENE                0.1317  4.2620-02  4.2620-02  4.2620-02     0.1220 
   PHENOL              4.3557-03  9.6783-02  9.6783-02  9.6783-02  5.5535-03 
   WATER                  0.4357     0.1841     0.1841     0.1841     0.5116 
   ACETO-01               0.3022     0.6654     0.6654     0.6654     0.3556 
   HYDRO-01               0.0     1.1016-02  1.1016-02  1.1016-02     0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.1260     0.0        0.0        0.0     5.1518-03 
   ZINC--01               0.0     6.2342-05  6.2342-05  6.2342-05     0.0    
 COMPONENTS: LB/HR            
   BENZENE              733.5523  1.0669+04  1.0669+04  1.0669+04   571.6030 
   PHENOL                29.2200  2.9191+04  2.9191+04  2.9191+04    31.3401 
   WATER                559.5543  1.0632+04  1.0632+04  1.0632+04   552.7044 
   ACETO-01             884.2378  8.7540+04  8.7540+04  8.7540+04   875.3954 
   HYDRO-01               0.0     1200.8721  1200.8721  1200.8721     0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN               287.3771     0.0        0.0        0.0        9.8849 
   ZINC--01               0.0       44.9931    44.9931    44.9931     0.0    
 COMPONENTS: MASS FRAC        
   BENZENE                0.2941  7.6606-02  7.6606-02  7.6606-02     0.2801 
   PHENOL              1.1716-02     0.2096     0.2096     0.2096  1.5356-02 
   WATER                  0.2244  7.6334-02  7.6334-02  7.6334-02     0.2708 
   ACETO-01               0.3546     0.6285     0.6285     0.6285     0.4289 
   HYDRO-01               0.0     8.6222-03  8.6222-03  8.6222-03     0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.1152     0.0        0.0        0.0     4.8433-03 
   ZINC--01               0.0     3.2305-04  3.2305-04  3.2305-04     0.0    
 TOTAL FLOW:      
   LBMOL/HR              71.2813  3204.7764  3204.7764  3204.7764    59.9630 
   LB/HR               2493.9414  1.3928+05  1.3928+05  1.3928+05  2040.9277 
   CUFT/HR             2.0356+04  2706.7801  2707.0286  2707.0459  1.7044+04 
 STATE VARIABLES: 
   TEMP   F             140.0000   140.0000   140.1220   140.1265   140.0000 
   PRES   PSIA           22.0439    22.0439    36.7399    22.0439    22.0439 
   VFRAC                  1.0000     0.0        0.0        0.0        1.0000 
   LFRAC                  0.0        1.0000     1.0000     1.0000     0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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                                 STREAM SECTION                                  
 S-113 S-114 S-115 S-116 S-117 (CONTINUED)            
 STREAM ID               S-113      S-114      S-115      S-116      S-117    
 ENTHALPY:        
   BTU/LBMOL          -3.0535+04 -1.5606+04 -1.5602+04 -1.5602+04 -3.7117+04 
   BTU/LB              -872.7420  -359.0866  -359.0084  -359.0084 -1090.5102 
   BTU/HR             -2.1766+06 -5.0013+07 -5.0002+07 -5.0002+07 -2.2257+06 
 ENTROPY:         
   BTU/LBMOL-R          -11.1940   -38.3217   -38.3165   -38.3162   -12.9436 
   BTU/LB-R              -0.3199    -0.8818    -0.8817    -0.8817    -0.3803 
 DENSITY:         
   LBMOL/CUFT          3.5017-03     1.1840     1.1839     1.1839  3.5180-03 
   LB/CUFT                0.1225    51.4549    51.4502    51.4499     0.1197 
 AVG MW                  34.9873    43.4592    43.4592    43.4592    34.0364 
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 S-118 S-119 S-120 S-121 S-122                    
 ----------------------------- 
 STREAM ID               S-118      S-119      S-120      S-121      S-122    
 FROM :                  V-106      P-105      V-107      V-108      V-108    
 TO   :                  P-105      V-107      R-103A1    M-103      M-102    
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     VAPOR      LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE              106.4331   106.4331   106.4331     6.4148    93.3024 
   PHENOL               332.6715   332.6715   332.6715     0.3394   339.0481 
   WATER                582.9153   582.9153   582.9153    29.7382   565.0262 
   ACETO-01            2111.0534  2111.0534  2111.0534    21.1105  2089.9429 
   HYDRO-01              11.8491    11.8491    11.8491     0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        2.5666     0.0    
   ZINC--01               0.1998     0.1998     0.1998     0.0        0.1998 
 COMPONENTS: MOLE FRAC        
   BENZENE             3.3841-02  3.3841-02  3.3841-02     0.1066  3.0219-02 
   PHENOL                 0.1058     0.1058     0.1058  5.6405-03     0.1098 
   WATER                  0.1853     0.1853     0.1853     0.4942     0.1830 
   ACETO-01               0.6712     0.6712     0.6712     0.3509     0.6769 
   HYDRO-01            3.7675-03  3.7675-03  3.7675-03     0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0     4.2656-02     0.0    
   ZINC--01            6.3525-05  6.3525-05  6.3525-05     0.0     6.4710-05 
 COMPONENTS: LB/HR            
   BENZENE             8313.8781  8313.8781  8313.8781   501.0839  7288.1885 
   PHENOL              3.1309+04  3.1309+04  3.1309+04    31.9408  3.1909+04 
   WATER               1.0501+04  1.0501+04  1.0501+04   535.7424  1.0179+04 
   ACETO-01            8.6664+04  8.6664+04  8.6664+04   866.6415  8.5798+04 
   HYDRO-01             403.0446   403.0446   403.0446     0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0       82.1283     0.0    
   ZINC--01              44.9931    44.9931    44.9931     0.0       44.9931 
 COMPONENTS: MASS FRAC        
   BENZENE             6.0581-02  6.0581-02  6.0581-02     0.2484  5.3899-02 
   PHENOL                 0.2281     0.2281     0.2281  1.5832-02     0.2360 
   WATER               7.6521-02  7.6521-02  7.6521-02     0.2655  7.5279-02 
   ACETO-01               0.6315     0.6315     0.6315     0.4296     0.6345 
   HYDRO-01            2.9369-03  2.9369-03  2.9369-03     0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0     4.0707-02     0.0    
   ZINC--01            3.2785-04  3.2785-04  3.2785-04     0.0     3.3274-04 
 TOTAL FLOW:      
   LBMOL/HR            3145.1223  3145.1223  3145.1223    60.1696  3087.5194 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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   LB/HR               1.3724+05  1.3724+05  1.3724+05  2017.5368  1.3522+05 
   CUFT/HR             2657.2124  2657.4555  2657.4726  1.7132+04  2615.0610 
 STATE VARIABLES: 
   TEMP   F             140.0000   140.1221   140.1265   140.0000   140.0000 
   PRES   PSIA           22.0439    36.7399    22.0439    22.0439    22.0439 
   VFRAC                  0.0        0.0        0.0        1.0000     0.0    
   LFRAC                  1.0000     1.0000     1.0000     0.0        1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-118 S-119 S-120 S-121 S-122 (CONTINUED)            
 STREAM ID               S-118      S-119      S-120      S-121      S-122    
 ENTHALPY:        
   BTU/LBMOL          -1.5855+04 -1.5852+04 -1.5852+04 -3.6024+04 -1.5511+04 
   BTU/LB              -363.3676  -363.2894  -363.2894 -1074.3464  -354.1662 
   BTU/HR             -4.9867+07 -4.9856+07 -4.9856+07 -2.1675+06 -4.7890+07 
 ENTROPY:         
   BTU/LBMOL-R          -38.4831   -38.4778   -38.4776   -11.9532   -38.5631 
   BTU/LB-R              -0.8819    -0.8818    -0.8818    -0.3565    -0.8805 
 DENSITY:         
   LBMOL/CUFT             1.1836     1.1835     1.1835  3.5121-03     1.1807 
   LB/CUFT               51.6467    51.6419    51.6416     0.1178    51.7076 
 AVG MW                  43.6346    43.6346    43.6346    33.5309    43.7952 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/31/2012  PAGE 152  
                                                                                 
                                 STREAM SECTION                                  
 S-123 S-124 S-125 S-126 S-127                    
 ----------------------------- 
 STREAM ID               S-123      S-124      S-125      S-126      S-127    
 FROM :                  ----       P-106      V-109      V-110      V-110    
 TO   :                  P-106      V-109      R-101B1    M-103      P-107    
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     VAPOR      LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE                0.0        0.0        0.0        9.3908   136.5883 
   PHENOL                 0.0        0.0        0.0        0.3105   310.1670 
   WATER                290.6879   290.6879   290.6879    31.0600   590.1397 
   ACETO-01               0.0        0.0        0.0       21.5392  2132.3772 
   HYDRO-01             359.2348   359.2348   359.2348     0.0       35.3045 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        8.9809     0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.1998 
 COMPONENTS: MOLE FRAC        
   BENZENE                0.0        0.0        0.0        0.1317  4.2620-02 
   PHENOL                 0.0        0.0        0.0     4.3557-03  9.6783-02 
   WATER                  0.4473     0.4473     0.4473     0.4357     0.1841 
   ACETO-01               0.0        0.0        0.0        0.3022     0.6654 
   HYDRO-01               0.5527     0.5527     0.5527     0.0     1.1016-02 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.1260     0.0    
   ZINC--01               0.0        0.0        0.0        0.0     6.2342-05 
 COMPONENTS: LB/HR            
   BENZENE                0.0        0.0        0.0      733.5523  1.0669+04 
   PHENOL                 0.0        0.0        0.0       29.2200  2.9191+04 
   WATER               5236.8246  5236.8246  5236.8246   559.5543  1.0632+04 
   ACETO-01               0.0        0.0        0.0      884.2378  8.7540+04 
   HYDRO-01            1.2219+04  1.2219+04  1.2219+04     0.0     1200.8721 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0      287.3771     0.0    
   ZINC--01               0.0        0.0        0.0        0.0       44.9931 
 COMPONENTS: MASS FRAC        
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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   BENZENE                0.0        0.0        0.0        0.2941  7.6606-02 
   PHENOL                 0.0        0.0        0.0     1.1716-02     0.2096 
   WATER                  0.3000     0.3000     0.3000     0.2244  7.6334-02 
   ACETO-01               0.0        0.0        0.0        0.3546     0.6285 
   HYDRO-01               0.7000     0.7000     0.7000     0.0     8.6222-03 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.1152     0.0    
   ZINC--01               0.0        0.0        0.0        0.0     3.2305-04 
 COST:            
   $/HR                8728.0408    MISSING    MISSING    MISSING    MISSING 
 TOTAL FLOW:      
   LBMOL/HR             649.9228   649.9228   649.9228    71.2813  3204.7764 
   LB/HR               1.7456+04  1.7456+04  1.7456+04  2493.9414  1.3928+05 
   CUFT/HR              219.9088   219.9158   219.9209  2.0356+04  2706.7801 
 STATE VARIABLES: 
   TEMP   F              77.0000    77.1846    77.2018   140.0000   140.0000 
   PRES   PSIA           14.6959    36.7399    22.0439    22.0439    22.0439 
   VFRAC                  0.0        0.0        0.0        1.0000     0.0    
   LFRAC                  1.0000     1.0000     1.0000     0.0        1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-123 S-124 S-125 S-126 S-127 (CONTINUED)            
 STREAM ID               S-123      S-124      S-125      S-126      S-127    
 ENTHALPY:        
   BTU/LBMOL          -9.9964+04 -9.9960+04 -9.9960+04 -3.0535+04 -1.5606+04 
   BTU/LB             -3721.8416 -3721.6938 -3721.6938  -872.7420  -359.0866 
   BTU/HR             -6.4969+07 -6.4966+07 -6.4966+07 -2.1766+06 -5.0013+07 
 ENTROPY:         
   BTU/LBMOL-R          -46.1140   -46.1078   -46.1071   -11.1940   -38.3217 
   BTU/LB-R              -1.7169    -1.7167    -1.7167    -0.3199    -0.8818 
 DENSITY:         
   LBMOL/CUFT             2.9554     2.9553     2.9553  3.5017-03     1.1840 
   LB/CUFT               79.3787    79.3762    79.3744     0.1225    51.4549 
 AVG MW                  26.8587    26.8587    26.8587    34.9873    43.4592 
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 S-128 S-129 S-130 S-131 S-132                    
 ----------------------------- 
 STREAM ID               S-128      S-129      S-130      S-131      S-132    
 FROM :                  P-107      V-111      V-112      V-112      P-108    
 TO   :                  V-111      R-102B1    M-103      P-108      V-113    
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     VAPOR      LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE              136.5883   136.5883     7.3176   106.4331   106.4331 
   PHENOL               310.1670   310.1670     0.3330   332.6715   332.6715 
   WATER                590.1397   590.1397    30.6798   582.9153   582.9153 
   ACETO-01            2132.3772  2132.3772    21.3238  2111.0534  2111.0534 
   HYDRO-01              35.3045    35.3045     0.0       11.8491    11.8491 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.3089     0.0        0.0    
   ZINC--01               0.1998     0.1998     0.0        0.1998     0.1998 
 COMPONENTS: MOLE FRAC        
   BENZENE             4.2620-02  4.2620-02     0.1220  3.3841-02  3.3841-02 
   PHENOL              9.6783-02  9.6783-02  5.5535-03     0.1058     0.1058 
   WATER                  0.1841     0.1841     0.5116     0.1853     0.1853 
   ACETO-01               0.6654     0.6654     0.3556     0.6712     0.6712 
   HYDRO-01            1.1016-02  1.1016-02     0.0     3.7675-03  3.7675-03 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
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   OXYGEN                 0.0        0.0     5.1518-03     0.0        0.0    
   ZINC--01            6.2342-05  6.2342-05     0.0     6.3525-05  6.3525-05 
 COMPONENTS: LB/HR            
   BENZENE             1.0669+04  1.0669+04   571.6030  8313.8781  8313.8781 
   PHENOL              2.9191+04  2.9191+04    31.3401  3.1309+04  3.1309+04 
   WATER               1.0632+04  1.0632+04   552.7044  1.0501+04  1.0501+04 
   ACETO-01            8.7540+04  8.7540+04   875.3954  8.6664+04  8.6664+04 
   HYDRO-01            1200.8721  1200.8721     0.0      403.0446   403.0446 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        9.8849     0.0        0.0    
   ZINC--01              44.9931    44.9931     0.0       44.9931    44.9931 
 COMPONENTS: MASS FRAC        
   BENZENE             7.6606-02  7.6606-02     0.2801  6.0581-02  6.0581-02 
   PHENOL                 0.2096     0.2096  1.5356-02     0.2281     0.2281 
   WATER               7.6334-02  7.6334-02     0.2708  7.6521-02  7.6521-02 
   ACETO-01               0.6285     0.6285     0.4289     0.6315     0.6315 
   HYDRO-01            8.6222-03  8.6222-03     0.0     2.9369-03  2.9369-03 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0     4.8433-03     0.0        0.0    
   ZINC--01            3.2305-04  3.2305-04     0.0     3.2785-04  3.2785-04 
 TOTAL FLOW:      
   LBMOL/HR            3204.7764  3204.7764    59.9630  3145.1223  3145.1223 
   LB/HR               1.3928+05  1.3928+05  2040.9277  1.3724+05  1.3724+05 
   CUFT/HR             2707.0286  2707.0459  1.7044+04  2657.2124  2657.4555 
 STATE VARIABLES: 
   TEMP   F             140.1220   140.1265   140.0000   140.0000   140.1221 
   PRES   PSIA           36.7399    22.0439    22.0439    22.0439    36.7399 
   VFRAC                  0.0        0.0        1.0000     0.0        0.0    
   LFRAC                  1.0000     1.0000     0.0        1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-128 S-129 S-130 S-131 S-132 (CONTINUED)            
 STREAM ID               S-128      S-129      S-130      S-131      S-132    
 ENTHALPY:        
   BTU/LBMOL          -1.5602+04 -1.5602+04 -3.7117+04 -1.5855+04 -1.5852+04 
   BTU/LB              -359.0084  -359.0084 -1090.5102  -363.3676  -363.2894 
   BTU/HR             -5.0002+07 -5.0002+07 -2.2257+06 -4.9867+07 -4.9856+07 
 ENTROPY:         
   BTU/LBMOL-R          -38.3165   -38.3162   -12.9436   -38.4831   -38.4778 
   BTU/LB-R              -0.8817    -0.8817    -0.3803    -0.8819    -0.8818 
 DENSITY:         
   LBMOL/CUFT             1.1839     1.1839  3.5180-03     1.1836     1.1835 
   LB/CUFT               51.4502    51.4499     0.1197    51.6467    51.6419 
 AVG MW                  43.4592    43.4592    34.0364    43.6346    43.6346 
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 S-133 S-134 S-135 S-136 S-137                    
 ----------------------------- 
 STREAM ID               S-133      S-134      S-135      S-136      S-137    
 FROM :                  V-113      V-114      V-114      M-102      V-407    
 TO   :                  R-103B1    M-103      M-102      P-109      M-101    
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     VAPOR      LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE              106.4331     6.4148    93.3024   186.6048  5.7798-08 
   PHENOL               332.6715     0.3394   339.0481   678.0962     3.9775 
   WATER                582.9153    29.7382   565.0262  1130.0525  6.5201-13 
   ACETO-01            2111.0534    21.1105  2089.9429  4179.8857    18.4334 
   HYDRO-01              11.8491     0.0        0.0        0.0        0.0    
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
215 
 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        2.5666     0.0        0.0        0.0    
   ZINC--01               0.1998     0.0        0.1998     0.3996     0.2997 
 COMPONENTS: MOLE FRAC        
   BENZENE             3.3841-02     0.1066  3.0219-02  3.0219-02  2.5450-09 
   PHENOL                 0.1058  5.6405-03     0.1098     0.1098     0.1751 
   WATER                  0.1853     0.4942     0.1830     0.1830  2.8709-14 
   ACETO-01               0.6712     0.3509     0.6769     0.6769     0.8117 
   HYDRO-01            3.7675-03     0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0     4.2656-02     0.0        0.0        0.0    
   ZINC--01            6.3525-05     0.0     6.4710-05  6.4710-05  1.3196-02 
 COMPONENTS: LB/HR            
   BENZENE             8313.8781   501.0839  7288.1885  1.4576+04  4.5148-06 
   PHENOL              3.1309+04    31.9408  3.1909+04  6.3818+04   374.3313 
   WATER               1.0501+04   535.7424  1.0179+04  2.0358+04  1.1746-11 
   ACETO-01            8.6664+04   866.6415  8.5798+04  1.7160+05   756.7376 
   HYDRO-01             403.0446     0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0       82.1283     0.0        0.0        0.0    
   ZINC--01              44.9931     0.0       44.9931    89.9861    67.4896 
 COMPONENTS: MASS FRAC        
   BENZENE             6.0581-02     0.2484  5.3899-02  5.3899-02  3.7669-09 
   PHENOL                 0.2281  1.5832-02     0.2360     0.2360     0.3123 
   WATER               7.6521-02     0.2655  7.5279-02  7.5279-02  9.8002-15 
   ACETO-01               0.6315     0.4296     0.6345     0.6345     0.6314 
   HYDRO-01            2.9369-03     0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0     4.0707-02     0.0        0.0        0.0    
   ZINC--01            3.2785-04     0.0     3.3274-04  3.3274-04  5.6309-02 
 TOTAL FLOW:      
   LBMOL/HR            3145.1223    60.1696  3087.5194  6175.0387    22.7105 
   LB/HR               1.3724+05  2017.5368  1.3522+05  2.7044+05  1198.5584 
   CUFT/HR             2657.4726  1.7132+04  2615.0610  5230.1217    23.4256 
 STATE VARIABLES: 
   TEMP   F             140.1265   140.0000   140.0000   139.9999   175.6429 
   PRES   PSIA           22.0439    22.0439    22.0439    22.0439    22.0439 
   VFRAC                  0.0        1.0000     0.0        0.0        0.0    
   LFRAC                  1.0000     0.0        1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-133 S-134 S-135 S-136 S-137 (CONTINUED)            
 STREAM ID               S-133      S-134      S-135      S-136      S-137    
 ENTHALPY:        
   BTU/LBMOL          -1.5852+04 -3.6024+04 -1.5511+04 -1.5511+04  4252.7623 
   BTU/LB              -363.2894 -1074.3464  -354.1662  -354.1662    80.5822 
   BTU/HR             -4.9856+07 -2.1675+06 -4.7890+07 -9.5780+07  9.6583+04 
 ENTROPY:         
   BTU/LBMOL-R          -38.4776   -11.9532   -38.5631   -38.5631   -35.4625 
   BTU/LB-R              -0.8818    -0.3565    -0.8805    -0.8805    -0.6720 
 DENSITY:         
   LBMOL/CUFT             1.1835  3.5121-03     1.1807     1.1807     0.9695 
   LB/CUFT               51.6416     0.1178    51.7076    51.7076    51.1644 
 AVG MW                  43.6346    33.5309    43.7952    43.7952    52.7754 
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 S-138 S-138B S-139 S-140 S-141                   
 ------------------------------ 
 STREAM ID               S-138      S-138B     S-139      S-140      S-141    
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
216 
 
 FROM :                  HX-204     ----       M-103      P-109      ST-102   
 TO   :                  ----       M-101      C-201      ST-102     P-110    
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     MIXED      VAPOR      LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE              231.3232   231.3272    46.2464   186.6048   186.6048 
   PHENOL                 5.0404     5.0404     1.9657   678.0962   678.0962 
   WATER                 13.1295    13.1291   182.9559  1130.0525  1130.0525 
   ACETO-01            4289.4007  4289.3993   127.9469  4179.8857  4179.8857 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0       23.7128     0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.3996     0.3996 
 COMPONENTS: MOLE FRAC        
   BENZENE             5.0965-02  5.0966-02     0.1208  3.0219-02  3.0219-02 
   PHENOL              1.1105-03  1.1105-03  5.1348-03     0.1098     0.1098 
   WATER               2.8927-03  2.8926-03     0.4779     0.1830     0.1830 
   ACETO-01               0.9450     0.9450     0.3342     0.6769     0.6769 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0     6.1941-02     0.0        0.0    
   ZINC--01               0.0        0.0        0.0     6.4710-05  6.4710-05 
 COMPONENTS: LB/HR            
   BENZENE             1.8070+04  1.8070+04  3612.4784  1.4576+04  1.4576+04 
   PHENOL               474.3649   474.3641   185.0017  6.3818+04  6.3818+04 
   WATER                236.5317   236.5248  3296.0021  2.0358+04  2.0358+04 
   ACETO-01            1.7609+05  1.7609+05  5252.5494  1.7160+05  1.7160+05 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0      758.7805     0.0        0.0    
   ZINC--01               0.0        0.0        0.0       89.9861    89.9861 
 COMPONENTS: MASS FRAC        
   BENZENE             9.2725-02  9.2727-02     0.2757  5.3899-02  5.3899-02 
   PHENOL              2.4342-03  2.4342-03  1.4117-02     0.2360     0.2360 
   WATER               1.2138-03  1.2137-03     0.2515  7.5279-02  7.5279-02 
   ACETO-01               0.9036     0.9036     0.4008     0.6345     0.6345 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0     5.7901-02     0.0        0.0    
   ZINC--01               0.0        0.0        0.0     3.3274-04  3.3274-04 
 COST:            
   $/HR                   0.0        0.0       MISSING    MISSING    MISSING 
 TOTAL FLOW:      
   LBMOL/HR            4538.8939  4538.8960   382.8278  6175.0387  6175.0387 
   LB/HR               1.9487+05  1.9487+05  1.3105+04  2.7044+05  2.7044+05 
   CUFT/HR             4397.5985  1.8505+04  1.0907+05  5230.9930  5231.0752 
 STATE VARIABLES: 
   TEMP   F             198.6833   198.7298   139.9900   140.2227   140.2337 
   PRES   PSIA           22.0439    22.0439    22.0439    51.4358    14.6959 
   VFRAC                  0.0     1.0065-02     1.0000     0.0        0.0    
   LFRAC                  1.0000     0.9899     0.0        1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-138 S-138B S-139 S-140 S-141 (CONTINUED)           
 STREAM ID               S-138      S-138B     S-139      S-140      S-141    
 ENTHALPY:        
   BTU/LBMOL           2.0513+04  2.0641+04 -3.4322+04 -1.5505+04 -1.5505+04 
   BTU/LB               477.7937   480.7666 -1002.6475  -354.0234  -354.0234 
   BTU/HR              9.3108+07  9.3688+07 -1.3140+07 -9.5741+07 -9.5741+07 
 ENTROPY:         
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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   BTU/LBMOL-R          -32.2895   -32.0952   -11.9274   -38.5535   -38.5528 
   BTU/LB-R              -0.7521    -0.7476    -0.3484    -0.8803    -0.8803 
 DENSITY:         
   LBMOL/CUFT             1.0321     0.2453  3.5100-03     1.1805     1.1805 
   LB/CUFT               44.3131    10.5305     0.1202    51.6990    51.6982 
 AVG MW                  42.9336    42.9337    34.2316    43.7952    43.7952 
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 S-142 S-201 S-202 S-203 S-204                    
 ----------------------------- 
 STREAM ID               S-142      S-201      S-202      S-203      S-204    
 FROM :                  P-110      C-201      HX-201     V-202      M-104    
 TO   :                  V-201      HX-201     V-202      M-104      F-201    
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     VAPOR      LIQUID     LIQUID     MIXED   
 COMPONENTS: LBMOL/HR         
   BENZENE              186.6048    46.2464    46.2464    46.2464    72.6439 
   PHENOL               678.0962     1.9657     1.9657     1.9657     2.0672 
   WATER               1130.0525   182.9559   182.9559   182.9559   423.1886 
   ACETO-01            4179.8857   127.9469   127.9469   127.9469   287.9055 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0       23.7128    23.7128    23.7128    65.2850 
   ZINC--01               0.3996     0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   BENZENE             3.0219-02     0.1208     0.1208     0.1208  8.5354-02 
   PHENOL                 0.1098  5.1348-03  5.1348-03  5.1348-03  2.4289-03 
   WATER                  0.1830     0.4779     0.4779     0.4779     0.4972 
   ACETO-01               0.6769     0.3342     0.3342     0.3342     0.3383 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0     6.1941-02  6.1941-02  6.1941-02  7.6708-02 
   ZINC--01            6.4710-05     0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   BENZENE             1.4576+04  3612.4784  3612.4784  3612.4784  5674.4803 
   PHENOL              6.3818+04   185.0017   185.0017   185.0017   194.5532 
   WATER               2.0358+04  3296.0021  3296.0021  3296.0021  7623.8619 
   ACETO-01            1.7160+05  5252.5494  5252.5494  5252.5494  1.1819+04 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0      758.7805   758.7805   758.7805  2089.0423 
   ZINC--01              89.9861     0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   BENZENE             5.3899-02     0.2757     0.2757     0.2757     0.2071 
   PHENOL                 0.2360  1.4117-02  1.4117-02  1.4117-02  7.1002-03 
   WATER               7.5279-02     0.2515     0.2515     0.2515     0.2782 
   ACETO-01               0.6345     0.4008     0.4008     0.4008     0.4313 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0     5.7901-02  5.7901-02  5.7901-02  7.6239-02 
   ZINC--01            3.3274-04     0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR            6175.0387   382.8278   382.8278   382.8278   851.0903 
   LB/HR               2.7044+05  1.3105+04  1.3105+04  1.3105+04  2.7401+04 
   CUFT/HR             5236.3089  2.0862+04   249.7335   249.7384  1714.4256 
 STATE VARIABLES: 
   TEMP   F             141.5690   452.6141    77.0000    77.0152   149.2402 
   PRES   PSIA          191.0473   169.0034   161.6554   146.9595   146.9595 
   VFRAC                  0.0        1.0000     0.0        0.0     3.1692-02 
   LFRAC                  1.0000     0.0        1.0000     1.0000     0.9683 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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                                 STREAM SECTION                                  
 S-142 S-201 S-202 S-203 S-204 (CONTINUED)            
 STREAM ID               S-142      S-201      S-202      S-203      S-204    
 ENTHALPY:        
   BTU/LBMOL          -1.5467+04 -3.0491+04 -5.0284+04 -5.0284+04 -5.1515+04 
   BTU/LB              -353.1663  -890.7189 -1468.9339 -1468.9339 -1600.0603 
   BTU/HR             -9.5509+07 -1.1673+07 -1.9250+07 -1.9250+07 -4.3844+07 
 ENTROPY:         
   BTU/LBMOL-R          -38.4952   -10.7022   -37.7716   -37.7709   -33.5931 
   BTU/LB-R              -0.8790    -0.3126    -1.1034    -1.1034    -1.0434 
 DENSITY:         
   LBMOL/CUFT             1.1793  1.8350-02     1.5329     1.5329     0.4964 
   LB/CUFT               51.6465     0.6282    52.4752    52.4742    15.9827 
 AVG MW                  43.7952    34.2316    34.2316    34.2316    32.1954 
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 S-205 S-206 S-207 S-208 S-209                    
 ----------------------------- 
 STREAM ID               S-205      S-206      S-207      S-208      S-209    
 FROM :                  M-107      F-201      V-201      M-106      HX-203   
 TO   :                  HX-202     ----       M-106      HX-203     D-301    
 
 MAX CONV. ERROR:         0.0        0.0        0.0        0.0     9.6353-06 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE               26.3975     1.5182   186.6048  1156.7928  1156.7928 
   PHENOL                 0.1015  7.6019-05   678.0962   696.1905   696.1905 
   WATER                240.2327     0.6828  1130.0525  1918.2517  1918.2517 
   ACETO-01             159.9585     0.8998  4179.8857  6706.5689  6706.5689 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                41.5722    23.7127     0.0       64.8526    64.8526 
   ZINC--01               0.0        0.0        0.3996     0.3996     0.3996 
 COMPONENTS: MOLE FRAC        
   BENZENE             5.6373-02  5.6620-02  3.0219-02     0.1097     0.1097 
   PHENOL              2.1674-04  2.8351-06     0.1098  6.6033-02  6.6033-02 
   WATER                  0.5130  2.5465-02     0.1830     0.1819     0.1819 
   ACETO-01               0.3416  3.3559-02     0.6769     0.6361     0.6361 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN              8.8780-02     0.8844     0.0     6.1512-03  6.1512-03 
   ZINC--01               0.0        0.0     6.4710-05  3.7900-05  3.7900-05 
 COMPONENTS: LB/HR            
   BENZENE             2062.0019   118.5916  1.4576+04  9.0361+04  9.0361+04 
   PHENOL                 9.5515  7.1544-03  6.3818+04  6.5521+04  6.5521+04 
   WATER               4327.8597    12.3012  2.0358+04  3.4558+04  3.4558+04 
   ACETO-01            6566.7077    36.9404  1.7160+05  2.7532+05  2.7532+05 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN              1330.2618   758.7793     0.0     2075.2051  2075.2051 
   ZINC--01               0.0        0.0       89.9861    89.9861    89.9861 
 COMPONENTS: MASS FRAC        
   BENZENE                0.1442     0.1280  5.3899-02     0.1931     0.1931 
   PHENOL              6.6811-04  7.7209-06     0.2360     0.1400     0.1400 
   WATER                  0.3027  1.3275-02  7.5279-02  7.3853-02  7.3853-02 
   ACETO-01               0.4593  3.9866-02     0.6345     0.5884     0.5884 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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   OXYGEN              9.3049-02     0.8189     0.0     4.4349-03  4.4349-03 
   ZINC--01               0.0        0.0     3.3274-04  1.9231-04  1.9231-04 
 COST:            
   $/HR                  MISSING     0.0       MISSING    MISSING    MISSING 
 TOTAL FLOW:      
   LBMOL/HR             468.2625    26.8137  6175.0387  1.0543+04  1.0543+04 
   LB/HR               1.4296+04   926.6197  2.7044+05  4.6793+05  4.6793+05 
   CUFT/HR             2.8527+04  1174.9318  5236.3427  9383.3058  9897.8245 
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 S-205 S-206 S-207 S-208 S-209 (CONTINUED)            
 STREAM ID               S-205      S-206      S-207      S-208      S-209    
 STATE VARIABLES: 
   TEMP   F             459.3776   149.0000   141.5737   164.0129   224.3300 
   PRES   PSIA          154.3075   146.9595   176.3514   176.3514   169.0034 
   VFRAC                  1.0000     1.0000     0.0        0.0        0.0    
   LFRAC                  0.0        0.0        1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -3.6344+04   956.9714 -1.5467+04 -1.0708+04 -8941.7578 
   BTU/LB             -1190.4123    27.6920  -353.1663  -241.2657  -201.4705 
   BTU/HR             -1.7019+07  2.5660+04 -9.5509+07 -1.1289+08 -9.4273+07 
 ENTROPY:         
   BTU/LBMOL-R           -9.0409    -5.5488   -38.4950   -36.9596   -34.3780 
   BTU/LB-R              -0.2961    -0.1606    -0.8790    -0.8328    -0.7746 
 DENSITY:         
   LBMOL/CUFT          1.6415-02  2.2821-02     1.1793     1.1236     1.0652 
   LB/CUFT                0.5012     0.7887    51.6462    49.8680    47.2757 
 AVG MW                  30.5307    34.5577    43.7952    44.3825    44.3825 
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 S-210 S-211 S-212 S-213 S-214                    
 ----------------------------- 
 STREAM ID               S-210      S-211      S-212      S-213      S-214    
 FROM :                  F-201      V-204      HX-201     P-202      V-203    
 TO   :                  V-204      P-201      V-409      V-203      HX-202   
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     MIXED      LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE               71.1257    71.1257     1.9286     0.0        0.0    
   PHENOL                 2.0672     2.0672     0.8264     0.0        0.0    
   WATER                422.5058   422.5058  1506.6730  9920.8019  9920.8019 
   ACETO-01             287.0056   287.0056   145.8976     0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                41.5723    41.5723     8.8474     0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   BENZENE             8.6289-02  8.6289-02  1.1589-03     0.0        0.0    
   PHENOL              2.5078-03  2.5078-03  4.9659-04     0.0        0.0    
   WATER                  0.5126     0.5126     0.9054     1.0000     1.0000 
   ACETO-01               0.3482     0.3482  8.7670-02     0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN              5.0435-02  5.0435-02  5.3164-03     0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   BENZENE             5555.8887  5555.8887   150.6538     0.0        0.0    
   PHENOL               194.5460   194.5460    77.7765     0.0        0.0    
   WATER               7611.5607  7611.5607  2.7143+04  1.7873+05  1.7873+05 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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   ACETO-01            1.1782+04  1.1782+04  5989.4697     0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN              1330.2630  1330.2630   283.1068     0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   BENZENE                0.2099     0.2099  4.4779-03     0.0        0.0    
   PHENOL              7.3484-03  7.3484-03  2.3117-03     0.0        0.0    
   WATER                  0.2875     0.2875     0.8068     1.0000     1.0000 
   ACETO-01               0.4450     0.4450     0.1780     0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN              5.0247-02  5.0247-02  8.4147-03     0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR             824.2766   824.2766  1664.1731  9920.8019  9920.8019 
   LB/HR               2.6475+04  2.6475+04  3.3644+04  1.7873+05  1.7873+05 
   CUFT/HR              532.1493   532.1610  1.2978+04  2870.8658  2871.0133 
 STATE VARIABLES: 
   TEMP   F             149.0000   149.0141   247.4377    77.0356    77.0763 
   PRES   PSIA          146.9595   132.2635    51.4358    36.7399    22.0439 
   VFRAC                  0.0        0.0     5.2205-02     0.0        0.0    
   LFRAC                  1.0000     1.0000     0.9478     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/31/2012  PAGE 165  
                                                                                 
                                 STREAM SECTION                                  
 S-210 S-211 S-212 S-213 S-214 (CONTINUED)            
 STREAM ID               S-210      S-211      S-212      S-213      S-214    
 ENTHALPY:        
   BTU/LBMOL          -5.3228+04 -5.3228+04 -1.0571+05 -1.2288+05 -1.2288+05 
   BTU/LB             -1657.2303 -1657.2303 -5228.9439 -6820.8725 -6820.8725 
   BTU/HR             -4.3874+07 -4.3874+07 -1.7592+08 -1.2191+09 -1.2191+09 
 ENTROPY:         
   BTU/LBMOL-R          -34.5158   -34.5151   -32.0408   -38.9651   -38.9634 
   BTU/LB-R              -1.0746    -1.0746    -1.5849    -2.1629    -2.1628 
 DENSITY:         
   LBMOL/CUFT             1.5490     1.5489     0.1282     3.4557     3.4555 
   LB/CUFT               49.7503    49.7492     2.5924    62.2551    62.2519 
 AVG MW                  32.1186    32.1186    20.2167    18.0153    18.0153 
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                                 STREAM SECTION                                  
 S-215 S-216 S-217 S-218 S-219                    
 ----------------------------- 
 STREAM ID               S-215      S-216      S-217      S-218      S-219    
 FROM :                  HX-202     ----       P-203      V-205      HX-204   
 TO   :                  ----       P-203      V-205      HX-204     ----     
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE                0.0        0.0        0.0        0.0        0.0    
   PHENOL                 0.0        0.0        0.0        0.0        0.0    
   WATER               9920.8019  4.9604+04  4.9604+04  4.9604+04  4.9604+04 
   ACETO-01               0.0        0.0        0.0        0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   BENZENE                0.0        0.0        0.0        0.0        0.0    
   PHENOL                 0.0        0.0        0.0        0.0        0.0    
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
221 
 
   WATER                  1.0000     1.0000     1.0000     1.0000     1.0000 
   ACETO-01               0.0        0.0        0.0        0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   BENZENE                0.0        0.0        0.0        0.0        0.0    
   PHENOL                 0.0        0.0        0.0        0.0        0.0    
   WATER               1.7873+05  8.9363+05  8.9363+05  8.9363+05  8.9363+05 
   ACETO-01               0.0        0.0        0.0        0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   BENZENE                0.0        0.0        0.0        0.0        0.0    
   PHENOL                 0.0        0.0        0.0        0.0        0.0    
   WATER                  1.0000     1.0000     1.0000     1.0000     1.0000 
   ACETO-01               0.0        0.0        0.0        0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COST:            
   $/HR                   0.0        8.0538    MISSING    MISSING     0.0    
 TOTAL FLOW:      
   LBMOL/HR            9920.8019  4.9604+04  4.9604+04  4.9604+04  4.9604+04 
   LB/HR               1.7873+05  8.9363+05  8.9363+05  8.9363+05  8.9363+05 
   CUFT/HR             2895.7112  1.4355+04  1.4354+04  1.4355+04  1.4490+04 
 STATE VARIABLES: 
   TEMP   F             119.6217    77.0000    77.0204    77.0610   122.8026 
   PRES   PSIA           14.6959    14.6959    36.7399    22.0439    14.6959 
   VFRAC                  0.0        0.0        0.0        0.0        0.0    
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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                                 STREAM SECTION                                  
 S-215 S-216 S-217 S-218 S-219 (CONTINUED)            
 STREAM ID               S-215      S-216      S-217      S-218      S-219    
 ENTHALPY:        
   BTU/LBMOL          -1.2212+05 -1.2288+05 -1.2288+05 -1.2288+05 -1.2206+05 
   BTU/LB             -6778.4899 -6820.9686 -6820.8877 -6820.8877 -6775.3186 
   BTU/HR             -1.2115+09 -6.0954+09 -6.0954+09 -6.0954+09 -6.0546+09 
 ENTROPY:         
   BTU/LBMOL-R          -37.5936   -38.9657   -38.9656   -38.9639   -37.4952 
   BTU/LB-R              -2.0868    -2.1629    -2.1629    -2.1628    -2.0813 
 DENSITY:         
   LBMOL/CUFT             3.4260     3.4555     3.4557     3.4555     3.4233 
   LB/CUFT               61.7209    62.2512    62.2552    62.2520    61.6709 
 AVG MW                  18.0153    18.0153    18.0153    18.0153    18.0153 
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                                 STREAM SECTION                                  
 S-220 S-221 S-222 S-223 S-301                    
 ----------------------------- 
 STREAM ID               S-220      S-221      S-222      S-223      S-301    
 FROM :                  HX-203     ----       P-201      HX-202     D-301    
 TO   :                  HX-204     P-202      M-106      M-104      V-301    
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      LIQUID     LIQUID     MIXED      LIQUID  
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
222 
 
 COMPONENTS: LBMOL/HR         
   BENZENE              231.3232     0.0      970.1880    26.3975   231.3234 
   PHENOL                 5.0404     0.0       18.0943     0.1015   679.3260 
   WATER                 13.1295  9920.8019   788.1992   240.2327    13.1295 
   ACETO-01            4289.4007     0.0     2526.6832   159.9585  4295.9271 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0       64.8526    41.5722     0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.3996 
 COMPONENTS: MOLE FRAC        
   BENZENE             5.0965-02     0.0        0.2221  5.6373-02  4.4314-02 
   PHENOL              1.1105-03     0.0     4.1425-03  2.1674-04     0.1301 
   WATER               2.8927-03     1.0000     0.1804     0.5130  2.5152-03 
   ACETO-01               0.9450     0.0        0.5785     0.3416     0.8230 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0     1.4847-02  8.8780-02     0.0    
   ZINC--01               0.0        0.0        0.0        0.0     7.6548-05 
 COMPONENTS: LB/HR            
   BENZENE             1.8070+04     0.0     7.5785+04  2062.0019  1.8070+04 
   PHENOL               474.3649     0.0     1702.9115     9.5515  6.3933+04 
   WATER                236.5317  1.7873+05  1.4200+04  4327.8597   236.5317 
   ACETO-01            1.7609+05     0.0     1.0373+05  6566.7077  1.7636+05 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0     2075.2051  1330.2618     0.0    
   ZINC--01               0.0        0.0        0.0        0.0       89.9861 
 COMPONENTS: MASS FRAC        
   BENZENE             9.2725-02     0.0        0.3837     0.1442  6.9851-02 
   PHENOL              2.4342-03     0.0     8.6228-03  6.6811-04     0.2471 
   WATER               1.2138-03     1.0000  7.1901-02     0.3027  9.1435-04 
   ACETO-01               0.9036     0.0        0.5252     0.4593     0.6817 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0     1.0508-02  9.3049-02     0.0    
   ZINC--01               0.0        0.0        0.0        0.0     3.4786-04 
 COST:            
   $/HR                  MISSING     1.6108    MISSING    MISSING    MISSING 
 TOTAL FLOW:      
   LBMOL/HR            4538.8939  9920.8019  4368.0173   468.2625  5220.1055 
   LB/HR               1.9487+05  1.7873+05  1.9749+05  1.4296+04  2.5869+05 
   CUFT/HR             7.3970+05  2871.0473  4163.2631  2275.8757  6452.6375 
 STATE VARIABLES: 
   TEMP   F             219.2001    77.0000   193.5992   200.9300   370.7572 
   PRES   PSIA           29.3919    14.6959   176.3514   146.9595   169.0034 
   VFRAC                  0.6846     0.0        0.0     9.1361-02     0.0    
   LFRAC                  0.3154     1.0000     1.0000     0.9086     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-220 S-221 S-222 S-223 S-301 (CONTINUED)            
 STREAM ID               S-220      S-221      S-222      S-223      S-301    
 ENTHALPY:        
   BTU/LBMOL           2.9485+04 -1.2288+05 -3980.1519 -5.2521+04  1.6026+04 
   BTU/LB               686.7622 -6820.9686   -88.0319 -1720.2576   323.3901 
   BTU/HR              1.3383+08 -1.2191+09 -1.7385+07 -2.4593+07  8.3657+07 
 ENTROPY:         
   BTU/LBMOL-R          -19.0494   -38.9657   -35.1842   -30.3969   -29.4039 
   BTU/LB-R              -0.4437    -2.1629    -0.7782    -0.9956    -0.5933 
 DENSITY:         
   LBMOL/CUFT          6.1361-03     3.4555     1.0492     0.2058     0.8090 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
223 
 
   LB/CUFT                0.2634    62.2512    47.4362     6.2817    40.0903 
 AVG MW                  42.9336    18.0153    45.2126    30.5307    49.5561 
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                                 STREAM SECTION                                  
 S-302 S-303 S-304 S-305 S-306                    
 ----------------------------- 
 STREAM ID               S-302      S-303      S-304      S-305      S-306    
 FROM :                  V-301      HX-301     D-301      DC-301     V-303    
 TO   :                  D-401      P-201      HX-301     V-303      HX-301   
 
 MAX CONV. ERROR:         0.0        0.0        0.0    -4.6608-06     0.0    
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      MIXED      LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE              231.3234   899.0623   900.9894   899.0623   899.0623 
   PHENOL               679.3260    16.0272    16.8536    16.0272    16.0272 
   WATER                 13.1295   365.6934  1872.3673   365.6934   365.6934 
   ACETO-01            4295.9271  2239.6775  2385.5740  2239.6775  2239.6775 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0       23.2803    32.1277    23.2803    23.2803 
   ZINC--01               0.3996     0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   BENZENE             4.4314-02     0.2537     0.1730     0.2537     0.2537 
   PHENOL                 0.1301  4.5227-03  3.2361-03  4.5227-03  4.5227-03 
   WATER               2.5152-03     0.1032     0.3595     0.1032     0.1032 
   ACETO-01               0.8230     0.6320     0.4581     0.6320     0.6320 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0     6.5694-03  6.1690-03  6.5694-03  6.5694-03 
   ZINC--01            7.6548-05     0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   BENZENE             1.8070+04  7.0229+04  7.0380+04  7.0229+04  7.0229+04 
   PHENOL              6.3933+04  1508.3655  1586.1420  1508.3655  1508.3655 
   WATER                236.5317  6588.0685  3.3731+04  6588.0685  6588.0685 
   ACETO-01            1.7636+05  9.1944+04  9.7934+04  9.1944+04  9.1944+04 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0      744.9421  1028.0485   744.9421   744.9421 
   ZINC--01              89.9861     0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   BENZENE             6.9851-02     0.4107     0.3439     0.4107     0.4107 
   PHENOL                 0.2471  8.8201-03  7.7502-03  8.8201-03  8.8201-03 
   WATER               9.1435-04  3.8523-02     0.1648  3.8523-02  3.8523-02 
   ACETO-01               0.6817     0.5376     0.4785     0.5376     0.5376 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0     4.3560-03  5.0232-03  4.3560-03  4.3560-03 
   ZINC--01            3.4786-04     0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR            5220.1055  3543.7406  5207.9120  3543.7406  3543.7406 
   LB/HR               2.5869+05  1.7101+05  2.0466+05  1.7101+05  1.7101+05 
   CUFT/HR             1.5329+04  1.6585+04  4572.6983  3195.8829  3195.8957 
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 S-302 S-303 S-304 S-305 S-306 (CONTINUED)            
 STREAM ID               S-302      S-303      S-304      S-305      S-306    
 STATE VARIABLES: 
   TEMP   F             362.4924   190.6063   278.2821    41.0000    41.0034 
   PRES   PSIA          154.3075    36.7399   169.0034    58.7838    44.0878 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
224 
 
   VFRAC               3.5735-02  2.0000-02     0.0        0.0        0.0    
   LFRAC                  0.9643     0.9800     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL           1.6026+04  7221.4566 -2.6512+04  2938.0220  2938.0220 
   BTU/LB               323.3901   149.6418  -674.6359    60.8812    60.8812 
   BTU/HR              8.3657+07  2.5591+07 -1.3807+08  1.0412+07  1.0412+07 
 ENTROPY:         
   BTU/LBMOL-R          -29.3484   -35.7543   -31.3776   -43.0110   -43.0108 
   BTU/LB-R              -0.5922    -0.7409    -0.7985    -0.8913    -0.8913 
 DENSITY:         
   LBMOL/CUFT             0.3405     0.2137     1.1389     1.1088     1.1088 
   LB/CUFT               16.8756    10.3116    44.7567    53.5110    53.5108 
 AVG MW                  49.5561    48.2583    39.2977    48.2583    48.2583 
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 S-307 S-308 S-309 S-310 S-311                    
 ----------------------------- 
 STREAM ID               S-307      S-308      S-309      S-310      S-311    
 FROM :                  HX-301     V-302      DC-301     D-301      V-304    
 TO   :                  V-302      DC-301     HX-201     V-304      M-107    
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     VAPOR      VAPOR   
 COMPONENTS: LBMOL/HR         
   BENZENE              900.9894   900.9894     1.9286    24.4688    24.4688 
   PHENOL                16.8536    16.8536     0.8264  1.0953-02  1.0953-02 
   WATER               1872.3673  1872.3673  1506.6730    32.7585    32.7585 
   ACETO-01            2385.5740  2385.5740   145.8976    25.0687    25.0687 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                32.1277    32.1277     8.8474    32.7248    32.7248 
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   BENZENE                0.1730     0.1730  1.1589-03     0.2127     0.2127 
   PHENOL              3.2361-03  3.2361-03  4.9659-04  9.5219-05  9.5219-05 
   WATER                  0.3595     0.3595     0.9054     0.2848     0.2848 
   ACETO-01               0.4581     0.4581  8.7670-02     0.2179     0.2179 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN              6.1690-03  6.1690-03  5.3164-03     0.2845     0.2845 
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   BENZENE             7.0380+04  7.0380+04   150.6538  1911.3481  1911.3481 
   PHENOL              1586.1420  1586.1420    77.7765     1.0308     1.0308 
   WATER               3.3731+04  3.3731+04  2.7143+04   590.1528   590.1528 
   ACETO-01            9.7934+04  9.7934+04  5989.4697  1029.1334  1029.1334 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN              1028.0485  1028.0485   283.1068  1047.1551  1047.1551 
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   BENZENE                0.3439     0.3439  4.4779-03     0.4174     0.4174 
   PHENOL              7.7502-03  7.7502-03  2.3117-03  2.2513-04  2.2513-04 
   WATER                  0.1648     0.1648     0.8068     0.1289     0.1289 
   ACETO-01               0.4785     0.4785     0.1780     0.2248     0.2248 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN              5.0232-03  5.0232-03  8.4147-03     0.2287     0.2287 
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR            5207.9120  5207.9120  1664.1731   115.0317   115.0317 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
225 
 
   LB/HR               2.0466+05  2.0466+05  3.3644+04  4578.8202  4578.8202 
   CUFT/HR             4173.0017  4173.0562   566.4929  4959.3742  5455.1167 
 STATE VARIABLES: 
   TEMP   F             182.8606   182.8684    41.0000   278.2821   276.1059 
   PRES   PSIA          154.3075   139.6115    58.7838   169.0034   154.3075 
   VFRAC                  0.0        0.0        0.0        1.0000     1.0000 
   LFRAC                  1.0000     1.0000     1.0000     0.0        0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-307 S-308 S-309 S-310 S-311 (CONTINUED)            
 STREAM ID               S-307      S-308      S-309      S-310      S-311    
 ENTHALPY:        
   BTU/LBMOL          -2.9426+04 -2.9426+04 -1.1027+05 -1.2939+04 -1.2939+04 
   BTU/LB              -748.8050  -748.8051 -5454.1658  -325.0537  -325.0537 
   BTU/HR             -1.5325+08 -1.5325+08 -1.8350+08 -1.4884+06 -1.4884+06 
 ENTROPY:         
   BTU/LBMOL-R          -35.4155   -35.4151   -39.4579   -12.5905   -12.4237 
   BTU/LB-R              -0.9012    -0.9012    -1.9517    -0.3163    -0.3121 
 DENSITY:         
   LBMOL/CUFT             1.2480     1.2480     2.9377  2.3195-02  2.1087-02 
   LB/CUFT               49.0436    49.0429    59.3902     0.9233     0.8394 
 AVG MW                  39.2977    39.2977    20.2167    39.8048    39.8048 
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 S-401 S-402 S-403 S-404 S-405                    
 ----------------------------- 
 STREAM ID               S-401      S-402      S-403      S-404      S-405    
 FROM :                  V-405      D-401      D-401      V-401      F-401    
 TO   :                  M-107      HX-203     V-401      F-401      HX-402   
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      LIQUID     MIXED      VAPOR   
 COMPONENTS: LBMOL/HR         
   BENZENE                1.9286   231.3232  1.2479-04  1.2479-04  1.2472-04 
   PHENOL              9.0537-02     5.0404   674.2856   674.2856   668.9823 
   WATER                207.4743    13.1295  4.3943-09  4.3943-09  4.3934-09 
   ACETO-01             134.8899  4289.4007     6.5263     6.5263     6.5199 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 8.8474     0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.0        0.3996     0.3996     0.0    
 COMPONENTS: MOLE FRAC        
   BENZENE             5.4600-03  5.0965-02  1.8319-07  1.8319-07  1.8463-07 
   PHENOL              2.5631-04  1.1105-03     0.9898     0.9898     0.9903 
   WATER                  0.5874  2.8927-03  6.4507-12  6.4507-12  6.5039-12 
   ACETO-01               0.3819     0.9450  9.5805-03  9.5805-03  9.6520-03 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN              2.5047-02     0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.0     5.8658-04  5.8658-04     0.0    
 COMPONENTS: LB/HR            
   BENZENE              150.6538  1.8070+04  9.7481-03  9.7481-03  9.7421-03 
   PHENOL                 8.5207   474.3649  6.3459+04  6.3459+04  6.2960+04 
   WATER               3737.7069   236.5317  7.9164-08  7.9164-08  7.9149-08 
   ACETO-01            5537.5744  1.7609+05   267.9233   267.9233   267.6595 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN               283.1068     0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.0       89.9861    89.9861     0.0    
 COMPONENTS: MASS FRAC        
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
226 
 
   BENZENE             1.5503-02  9.2725-02  1.5275-07  1.5275-07  1.5408-07 
   PHENOL              8.7683-04  2.4342-03     0.9944     0.9944     0.9958 
   WATER                  0.3846  1.2138-03  1.2405-12  1.2405-12  1.2518-12 
   ACETO-01               0.5699     0.9036  4.1983-03  4.1983-03  4.2333-03 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN              2.9134-02     0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.0     1.4101-03  1.4101-03     0.0    
 TOTAL FLOW:      
   LBMOL/HR             353.2307  4538.8939   681.2117   681.2117   675.5024 
   LB/HR               9717.5625  1.9487+05  6.3817+04  6.3817+04  6.3228+04 
   CUFT/HR             2.3384+04  8.7793+05  1148.8795  2.9875+04  2.7309+05 
 STATE VARIABLES: 
   TEMP   F             531.8827   236.3736   425.5173   389.1064   392.0000 
   PRES   PSIA          154.3075    36.7399    38.6399    23.5135    22.0439 
   VFRAC                  1.0000     1.0000     0.0        0.1124     1.0000 
   LFRAC                  0.0        0.0        1.0000     0.8876     0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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                                 STREAM SECTION                                  
 S-401 S-402 S-403 S-404 S-405 (CONTINUED)            
 STREAM ID               S-401      S-402      S-403      S-404      S-405    
 ENTHALPY:        
   BTU/LBMOL          -4.3966+04  3.3588+04 -4.8263+04 -4.8263+04 -3.1077+04 
   BTU/LB             -1598.1608   782.3188  -515.1860  -515.1860  -332.0116 
   BTU/HR             -1.5530+07  1.5245+08 -3.2878+07 -3.2878+07 -2.0992+07 
 ENTROPY:         
   BTU/LBMOL-R           -8.4655   -13.4144   -57.6489   -57.5534   -37.3840 
   BTU/LB-R              -0.3077    -0.3124    -0.6154    -0.6144    -0.3994 
 DENSITY:         
   LBMOL/CUFT          1.5106-02  5.1700-03     0.5929  2.2802-02  2.4736-03 
   LB/CUFT                0.4156     0.2220    55.5472     2.1362     0.2315 
 AVG MW                  27.5105    42.9336    93.6816    93.6816    93.6009 
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                                 STREAM SECTION                                  
 S-406 S-407 S-408 S-409 S-410                    
 ----------------------------- 
 STREAM ID               S-406      S-407      S-408      S-409      S-410    
 FROM :                  HX-402     V-409      D-402      V-411      HX-401   
 TO   :                  ----       D-402      V-411      HX-401     ----     
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     MIXED      LIQUID     MIXED      LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE             1.2472-04     1.9286  3.1960-15  3.1960-15  3.1960-15 
   PHENOL               668.9823     0.8264     0.7359     0.7359     0.7359 
   WATER               4.3934-09  1506.6730  1299.1987  1299.1987  1299.1987 
   ACETO-01               6.5199   145.8976    11.0077    11.0077    11.0077 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        8.8474  1.5128-13  1.5128-13  1.5128-13 
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   BENZENE             1.8463-07  1.1589-03  2.4380-18  2.4380-18  2.4380-18 
   PHENOL                 0.9903  4.9659-04  5.6134-04  5.6134-04  5.6134-04 
   WATER               6.5039-12     0.9054     0.9910     0.9910     0.9910 
   ACETO-01            9.6520-03  8.7670-02  8.3968-03  8.3968-03  8.3968-03 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0     5.3164-03  1.1540-16  1.1540-16  1.1540-16 
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
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 COMPONENTS: LB/HR            
   BENZENE             9.7421-03   150.6538  2.4965-13  2.4965-13  2.4965-13 
   PHENOL              6.2960+04    77.7765    69.2558    69.2558    69.2558 
   WATER               7.9149-08  2.7143+04  2.3405+04  2.3405+04  2.3405+04 
   ACETO-01             267.6595  5989.4697   451.8954   451.8954   451.8954 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0      283.1068  4.8408-12  4.8408-12  4.8408-12 
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   BENZENE             1.5408-07  4.4779-03  1.0434-17  1.0434-17  1.0434-17 
   PHENOL                 0.9958  2.3117-03  2.8945-03  2.8945-03  2.8945-03 
   WATER               1.2518-12     0.8068     0.9782     0.9782     0.9782 
   ACETO-01            4.2333-03     0.1780  1.8887-02  1.8887-02  1.8887-02 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0     8.4147-03  2.0232-16  2.0232-16  2.0232-16 
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COST:            
   $/HR                5.0582+04    MISSING    MISSING    MISSING    78.9577 
 TOTAL FLOW:      
   LBMOL/HR             675.5024  1664.1731  1310.9423  1310.9423  1310.9423 
   LB/HR               6.3228+04  3.3644+04  2.3927+04  2.3927+04  2.3927+04 
   CUFT/HR             1084.6096  2.4776+04   411.7113  1.2836+04   390.0494 
 STATE VARIABLES: 
   TEMP   F             353.9650   230.3427   258.2743   231.0833   122.0000 
   PRES   PSIA           14.6959    36.7399    37.6399    22.9439    16.1655 
   VFRAC                  0.0     7.4111-02     0.0     2.9724-02     0.0    
   LFRAC                  1.0000     0.9259     1.0000     0.9703     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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                                 STREAM SECTION                                  
 S-406 S-407 S-408 S-409 S-410 (CONTINUED)            
 STREAM ID               S-406      S-407      S-408      S-409      S-410    
 ENTHALPY:        
   BTU/LBMOL          -5.2320+04 -1.0571+05 -1.1837+05 -1.1837+05 -1.2085+05 
   BTU/LB              -558.9729 -5228.9439 -6485.3602 -6485.3602 -6621.1430 
   BTU/HR             -3.5343+07 -1.7592+08 -1.5517+08 -1.5517+08 -1.5842+08 
 ENTROPY:         
   BTU/LBMOL-R          -62.5838   -31.9937   -33.6132   -33.5966   -37.4345 
   BTU/LB-R              -0.6686    -1.5825    -1.8417    -1.8408    -2.0510 
 DENSITY:         
   LBMOL/CUFT             0.6228  6.7169-02     3.1841     0.1021     3.3610 
   LB/CUFT               58.2953     1.3579    58.1150     1.8640    61.3424 
 AVG MW                  93.6009    20.2167    18.2514    18.2514    18.2514 
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                                 STREAM SECTION                                  
 S-411 S-412 S-413 S-414 S-415                    
 ----------------------------- 
 STREAM ID               S-411      S-412      S-413      S-414      S-415    
 FROM :                  ----       P-404      V-408      HX-401     HX-402   
 TO   :                  P-404      V-408      HX-401     HX-402     ----     
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE                0.0        0.0        0.0        0.0        0.0    
   PHENOL                 0.0        0.0        0.0        0.0        0.0    
   WATER               2.2046+04  2.2046+04  2.2046+04  2.2046+04  2.2046+04 
   ACETO-01               0.0        0.0        0.0        0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
228 
 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   BENZENE                0.0        0.0        0.0        0.0        0.0    
   PHENOL                 0.0        0.0        0.0        0.0        0.0    
   WATER                  1.0000     1.0000     1.0000     1.0000     1.0000 
   ACETO-01               0.0        0.0        0.0        0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   BENZENE                0.0        0.0        0.0        0.0        0.0    
   PHENOL                 0.0        0.0        0.0        0.0        0.0    
   WATER               3.9717+05  3.9717+05  3.9717+05  3.9717+05  3.9717+05 
   ACETO-01               0.0        0.0        0.0        0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   BENZENE                0.0        0.0        0.0        0.0        0.0    
   PHENOL                 0.0        0.0        0.0        0.0        0.0    
   WATER                  1.0000     1.0000     1.0000     1.0000     1.0000 
   ACETO-01               0.0        0.0        0.0        0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COST:            
   $/HR                   3.5795    MISSING    MISSING    MISSING     0.0    
 TOTAL FLOW:      
   LBMOL/HR            2.2046+04  2.2046+04  2.2046+04  2.2046+04  2.2046+04 
   LB/HR               3.9717+05  3.9717+05  3.9717+05  3.9717+05  3.9717+05 
   CUFT/HR             6380.1051  6379.5562  6379.8841  6388.2265  6438.1069 
 STATE VARIABLES: 
   TEMP   F              77.0000    77.0354    77.0760    85.3030   121.5762 
   PRES   PSIA           14.6959    44.0878    29.3919    22.0439    14.6959 
   VFRAC                  0.0        0.0        0.0        0.0        0.0    
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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                                 STREAM SECTION                                  
 S-411 S-412 S-413 S-414 S-415 (CONTINUED)            
 STREAM ID               S-411      S-412      S-413      S-414      S-415    
 ENTHALPY:        
   BTU/LBMOL          -1.2288+05 -1.2288+05 -1.2288+05 -1.2273+05 -1.2208+05 
   BTU/LB             -6820.9686 -6820.8526 -6820.8526 -6812.6727 -6776.5414 
   BTU/HR             -2.7091+09 -2.7090+09 -2.7090+09 -2.7058+09 -2.6914+09 
 ENTROPY:         
   BTU/LBMOL-R          -38.9657   -38.9652   -38.9636   -38.6903   -37.5331 
   BTU/LB-R              -2.1629    -2.1629    -2.1628    -2.1476    -2.0834 
 DENSITY:         
   LBMOL/CUFT             3.4555     3.4558     3.4556     3.4511     3.4243 
   LB/CUFT               62.2512    62.2565    62.2533    62.1720    61.6903 
 AVG MW                  18.0153    18.0153    18.0153    18.0153    18.0153 
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                                 STREAM SECTION                                  
 S-416 S-417 S-418 S-419 S-420                    
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
229 
 
 ----------------------------- 
 STREAM ID               S-416      S-417      S-418      S-419      S-420    
 FROM :                  D-402      C-401      ----       P-403      V-406    
 TO   :                  C-401      V-405      P-403      V-406      M-105    
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE                1.9286     1.9286     0.0        0.0        0.0    
   PHENOL              9.0537-02  9.0537-02     0.0        0.0        0.0    
   WATER                207.4743   207.4743     0.0        0.0        0.0    
   ACETO-01             134.8899   134.8899    18.4286    18.4286    18.4286 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 8.8474     8.8474     0.0        0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   BENZENE             5.4600-03  5.4600-03     0.0        0.0        0.0    
   PHENOL              2.5631-04  2.5631-04     0.0        0.0        0.0    
   WATER                  0.5874     0.5874     0.0        0.0        0.0    
   ACETO-01               0.3819     0.3819     1.0000     1.0000     1.0000 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN              2.5047-02  2.5047-02     0.0        0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   BENZENE              150.6538   150.6538     0.0        0.0        0.0    
   PHENOL                 8.5207     8.5207     0.0        0.0        0.0    
   WATER               3737.7069  3737.7069     0.0        0.0        0.0    
   ACETO-01            5537.5744  5537.5744   756.5397   756.5397   756.5397 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN               283.1068   283.1068     0.0        0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   BENZENE             1.5503-02  1.5503-02     0.0        0.0        0.0    
   PHENOL              8.7683-04  8.7683-04     0.0        0.0        0.0    
   WATER                  0.3846     0.3846     0.0        0.0        0.0    
   ACETO-01               0.5699     0.5699     1.0000     1.0000     1.0000 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN              2.9134-02  2.9134-02     0.0        0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.0        0.0    
 COST:            
   $/HR                  MISSING    MISSING   529.5778    MISSING    MISSING 
 TOTAL FLOW:      
   LBMOL/HR             353.2307   353.2307    18.4286    18.4286    18.4286 
   LB/HR               9717.5625  9717.5625   756.5397   756.5397   756.5397 
   CUFT/HR             6.9790+04  2.1307+04    15.5269    15.5332    15.5332 
 STATE VARIABLES: 
   TEMP   F             234.5816   533.6894    77.0000    77.4936    77.4936 
   PRES   PSIA           36.7399   169.0034    14.6959    36.7399    22.0439 
   VFRAC                  1.0000     1.0000     0.0        0.0        0.0    
   LFRAC                  0.0        0.0        1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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                                 STREAM SECTION                                  
 S-416 S-417 S-418 S-419 S-420 (CONTINUED)            
 STREAM ID               S-416      S-417      S-418      S-419      S-420    
 ENTHALPY:        
   BTU/LBMOL          -4.7215+04 -4.3966+04  1.7622+04  1.7634+04  1.7634+04 
   BTU/LB             -1716.2467 -1598.1608   429.2549   429.5380   429.5380 
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
230 
 
   BTU/HR             -1.6678+07 -1.5530+07  3.2475+05  3.2496+05  3.2496+05 
 ENTROPY:         
   BTU/LBMOL-R           -9.5896    -8.6386   -36.5464   -36.5251   -36.5251 
   BTU/LB-R              -0.3486    -0.3140    -0.8902    -0.8897    -0.8897 
 DENSITY:         
   LBMOL/CUFT          5.0614-03  1.6578-02     1.1869     1.1864     1.1864 
   LB/CUFT                0.1392     0.4561    48.7245    48.7047    48.7047 
 AVG MW                  27.5105    27.5105    41.0526    41.0526    41.0526 
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                                 STREAM SECTION                                  
 S-421 S-422 S-423 S-424 S-425                    
 ----------------------------- 
 STREAM ID               S-421      S-422      S-423      S-424      S-425    
 FROM :                  SP-102     M-105      P-402      SP-102     F-401    
 TO   :                  M-105      P-402      V-407      FR-501A1   SP-102   
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE             5.7798-08  5.7798-08  5.7798-08  1.9266-08  7.7064-08 
   PHENOL                 3.9775     3.9775     3.9775     1.3258     5.3033 
   WATER               6.5201-13  6.5201-13  6.5201-13  2.1734-13  8.6934-13 
   ACETO-01            4.8195-03    18.4334    18.4334  1.6065-03  6.4260-03 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.2997     0.2997     0.2997  9.9897-02     0.3996 
 COMPONENTS: MOLE FRAC        
   BENZENE             1.3498-08  2.5450-09  2.5450-09  1.3498-08  1.3498-08 
   PHENOL                 0.9289     0.1751     0.1751     0.9289     0.9289 
   WATER               1.5227-13  2.8709-14  2.8709-14  1.5227-13  1.5227-13 
   ACETO-01            1.1255-03     0.8117     0.8117  1.1255-03  1.1255-03 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01            6.9989-02  1.3196-02  1.3196-02  6.9989-02  6.9989-02 
 COMPONENTS: LB/HR            
   BENZENE             4.5148-06  4.5148-06  4.5148-06  1.5049-06  6.0197-06 
   PHENOL               374.3313   374.3313   374.3313   124.7771   499.1083 
   WATER               1.1746-11  1.1746-11  1.1746-11  3.9154-12  1.5661-11 
   ACETO-01               0.1979   756.7376   756.7376  6.5951-02     0.2638 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01              67.4896    67.4896    67.4896    22.4965    89.9861 
 COMPONENTS: MASS FRAC        
   BENZENE             1.0214-08  3.7669-09  3.7669-09  1.0214-08  1.0214-08 
   PHENOL                 0.8469     0.3123     0.3123     0.8469     0.8469 
   WATER               2.6574-14  9.8002-15  9.8002-15  2.6574-14  2.6574-14 
   ACETO-01            4.4761-04     0.6314     0.6314  4.4761-04  4.4761-04 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.1527  5.6309-02  5.6309-02     0.1527     0.1527 
 TOTAL FLOW:      
   LBMOL/HR               4.2820    22.7105    22.7105     1.4273     5.7093 
   LB/HR                442.0187  1198.5584  1198.5584   147.3396   589.3583 
   CUFT/HR                8.2216    23.4198    23.4256     2.7405    10.9621 
 STATE VARIABLES: 
   TEMP   F             392.0000   175.3249   175.6430   392.0000   392.0000 
   PRES   PSIA           22.0439    22.0439    36.7399    22.0439    22.0439 
   VFRAC                  0.0        0.0        0.0        0.0        0.0    
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
231 
 
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-421 S-422 S-423 S-424 S-425 (CONTINUED)            
 STREAM ID               S-421      S-422      S-423      S-424      S-425    
 ENTHALPY:        
   BTU/LBMOL          -5.3386+04  4243.2770  4252.7623 -5.3386+04 -5.3386+04 
   BTU/LB              -517.1625    80.4025    80.5822  -517.1625  -517.1625 
   BTU/HR             -2.2860+05  9.6367+04  9.6583+04 -7.6198+04 -3.0479+05 
 ENTROPY:         
   BTU/LBMOL-R          -38.9305   -35.4769   -35.4624   -38.9305   -38.9305 
   BTU/LB-R              -0.3771    -0.6722    -0.6719    -0.3771    -0.3771 
 DENSITY:         
   LBMOL/CUFT             0.5208     0.9697     0.9695     0.5208     0.5208 
   LB/CUFT               53.7634    51.1772    51.1644    53.7634    53.7634 
 AVG MW                 103.2278    52.7754    52.7754   103.2278   103.2278 
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 S-501 S-502 S-503 S-504 S-505                    
 ----------------------------- 
 STREAM ID               S-501      S-502      S-503      S-504      S-505    
 FROM :                  ----       C-501      V-501      FR-501A2   FR-501A2 
 TO   :                  C-501      V-501      FR-501A1   ----       ----     
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      VAPOR      LIQUID     VAPOR   
 COMPONENTS: LBMOL/HR         
   BENZENE                0.0        0.0        0.0     2.5694-11  1.9240-08 
   PHENOL                 0.0        0.0        0.0     2.4671-03     1.3234 
   WATER                  0.0        0.0        0.0     8.6549-17  2.1725-13 
   ACETO-01               0.0        0.0        0.0     1.5766-06  1.6049-03 
   HYDRO-01               0.0        0.0        0.0     5.2757-17  7.9314-14 
   NITROGEN               0.5512     0.5512     0.5512  2.5269-06     0.5512 
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.0        0.0     9.9897-02     0.0    
 COMPONENTS: MOLE FRAC        
   BENZENE                0.0        0.0        0.0     2.5100-10  1.0255-08 
   PHENOL                 0.0        0.0        0.0     2.4101-02     0.7054 
   WATER                  0.0        0.0        0.0     8.4547-16  1.1580-13 
   ACETO-01               0.0        0.0        0.0     1.5401-05  8.5545-04 
   HYDRO-01               0.0        0.0        0.0     5.1537-16  4.2276-14 
   NITROGEN               1.0000     1.0000     1.0000  2.4684-05     0.2938 
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.9759     0.0    
 COMPONENTS: LB/HR            
   BENZENE                0.0        0.0        0.0     2.0071-09  1.5029-06 
   PHENOL                 0.0        0.0        0.0        0.2322   124.5449 
   WATER                  0.0        0.0        0.0     1.5592-15  3.9138-12 
   ACETO-01               0.0        0.0        0.0     6.4722-05  6.5886-02 
   HYDRO-01               0.0        0.0        0.0     1.7945-15  2.6978-12 
   NITROGEN              15.4398    15.4398    15.4398  7.0786-05    15.4397 
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.0        0.0       22.4965     0.0    
 COMPONENTS: MASS FRAC        
   BENZENE                0.0        0.0        0.0     8.8306-11  1.0731-08 
   PHENOL                 0.0        0.0        0.0     1.0216-02     0.8893 
   WATER                  0.0        0.0        0.0     6.8600-17  2.7946-14 
   ACETO-01               0.0        0.0        0.0     2.8476-06  4.7044-04 
   HYDRO-01               0.0        0.0        0.0     7.8953-17  1.9263-14 
   NITROGEN               1.0000     1.0000     1.0000  3.1144-06     0.1102 
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   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   ZINC--01               0.0        0.0        0.0        0.9898     0.0    
 COST:            
   $/HR                   0.7720    MISSING    MISSING   227.2885     0.0    
 TOTAL FLOW:      
   LBMOL/HR               0.5512     0.5512     0.5512     0.1024     1.8761 
   LB/HR                 15.4398    15.4398    15.4398    22.7289   140.0505 
   CUFT/HR              215.9093   122.2307   203.6415     0.5519  1654.7572 
 STATE VARIABLES: 
   TEMP   F              77.0000   299.2969   299.1288   752.0000   752.0000 
   PRES   PSIA           14.6959    36.7399    22.0439    14.6959    14.6959 
   VFRAC                  1.0000     1.0000     1.0000     0.0        1.0000 
   LFRAC                  0.0        0.0        0.0        1.0000     0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-501 S-502 S-503 S-504 S-505 (CONTINUED)            
 STREAM ID               S-501      S-502      S-503      S-504      S-505    
 ENTHALPY:        
   BTU/LBMOL             -2.7885  1547.0535  1547.0535 -7.9358+04 -1.0258+04 
   BTU/LB             -9.9541-02    55.2253    55.2253  -357.4193  -137.4092 
   BTU/HR                -1.5369   852.6673   852.6673 -8123.7303 -1.9244+04 
 ENTROPY:         
   BTU/LBMOL-R        -4.4200-03     0.5919     1.6066   243.3043   -12.7891 
   BTU/LB-R           -1.5778-04  2.1129-02  5.7352-02     1.0958    -0.1713 
 DENSITY:         
   LBMOL/CUFT          2.5527-03  4.5091-03  2.7065-03     0.1855  1.1338-03 
   LB/CUFT             7.1511-02     0.1263  7.5818-02    41.1823  8.4635-02 
 AVG MW                  28.0135    28.0135    28.0135   222.0311    74.6493 
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 UTILITY USAGE:  CHILLWAT  (WATER)        
 --------------------------------- 
  INPUT DATA: 
    INLET TEMPERATURE                   39.0000  F                
    OUTLET TEMPERATURE                 120.0000  F                
    COOLING VALUE                       30.0000  BTU/LB           
    PRICE                             5.8028-06  $/BTU            
    INDEX TYPE                             FUEL 
  RESULT: 
    COOLING VALUE                       30.0000  BTU/LB           
    INDEXED PRICE                     5.8028-06  $/BTU            
  THIS UTILITY IS PURCHASED 
  USAGE: 
  BLOCK ID  MODEL         DUTY              USAGE RATE        COST 
                          BTU/HR            LB/HR             $/HR             
  --------  ------------  ----------------  ----------------  ---------------- 
  DC-301    DECANTER             1.9840+07         6.6132+05          115.1253       
                          ----------------  ----------------  ---------------- 
                  TOTAL:         1.9840+07         6.6132+05          115.1253       
                          ================  ================  ================ 
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                                UTILITY SECTION                                  
 UTILITY USAGE:  CW        (WATER)        
 --------------------------------- 
  INPUT DATA: 
    INLET TEMPERATURE                   70.0000  F                
    OUTLET TEMPERATURE                 120.0000  F                
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    COOLING VALUE                       30.0000  BTU/LB           
    PRICE                             6.2500-04  $/LB             
    INDEX TYPE                             FUEL 
  RESULT: 
    COOLING VALUE                       30.0000  BTU/LB           
    INDEXED PRICE                     6.2500-04  $/LB             
  THIS UTILITY IS PURCHASED 
  USAGE: 
  BLOCK ID  MODEL         DUTY              USAGE RATE        COST 
                          BTU/HR            LB/HR             $/HR             
  --------  ------------  ----------------  ----------------  ---------------- 
  R-101A2   RSTOIC               4.0472+07         1.3491+06          843.1580       
  R-101B2   RSTOIC               4.0472+07         1.3491+06          843.1580       
  R-102A2   RSTOIC               3.0094+06         1.0031+05           62.6952       
  R-102B2   RSTOIC               3.0094+06         1.0031+05           62.6952       
  R-103A2   RSTOIC               1.0896+06         3.6320+04           22.6999       
  R-103B2   RSTOIC               1.0896+06         3.6320+04           22.6999       
  R-101A1   RCSTR                1.7070+06         5.6901+04           35.5634       
  R-101B1   RCSTR                1.7070+06         5.6901+04           35.5634       
  R-102A1   RCSTR                1.0898+04          363.2505            0.2270       
  R-102B1   RCSTR                1.0898+04          363.2505            0.2270       
  R-103A1   RCSTR                1.0728+04          357.5843            0.2235       
  R-103B1   RCSTR                1.0728+04          357.5843            0.2235       
                          ----------------  ----------------  ---------------- 
                  TOTAL:         9.2598+07         3.0866+06         1929.1340       
                          ================  ================  ================ 
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                                UTILITY SECTION                                  
 UTILITY USAGE:  FIRE      (GAS)          
 ------------------------------- 
  INPUT DATA: 
    HEATING VALUE                     1.0000+04  BTU/LB           
    PRICE                             8.3800-02  $/LB             
    INDEX TYPE                             FUEL 
  RESULT: 
    HEATING VALUE                     1.0000+04  BTU/LB           
    INDEXED PRICE                     8.3800-02  $/LB             
  THIS UTILITY IS PURCHASED 
  USAGE: 
  BLOCK ID  MODEL         DUTY              USAGE RATE        COST 
                          BTU/HR            LB/HR             $/HR             
  --------  ------------  ----------------  ----------------  ---------------- 
  FR-501A2  FLASH2                  0.0               0.0               0.0          
  FR-501A1  RCSTR                4.7978+04            4.7978            0.4021       
                          ----------------  ----------------  ---------------- 
                  TOTAL:         4.7978+04            4.7978            0.4021       
                          ================  ================  ================ 
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 UTILITY USAGE:  PUMPELEC  (ELECTRICITY)  
 --------------------------------------- 
  INPUT DATA: 
    PRICE                             6.0000-02  $/KWHR           
    INDEX TYPE                             FUEL 
  RESULT: 
    INDEXED PRICE                     6.0000-02  $/KWHR           
  THIS UTILITY IS PURCHASED 
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                                UTILITY SECTION                                  
 UTILITY USAGE:  PUMPELEC  (ELECTRICITY) (CONTINUED)  
  USAGE: 
  BLOCK ID  MODEL         DUTY              USAGE RATE        COST 
                          BTU/HR            KW                $/HR             
  --------  ------------  ----------------  ----------------  ---------------- 
  P-101     PUMP                 7041.5841            2.0637            0.1238       
  P-102     PUMP                    6.6948         1.9620-03         1.1772-04       
  P-103     PUMP                 2581.0832            0.7564         4.5386-02       
  P-104     PUMP                 1.0898+04            3.1937            0.1916       
  P-105     PUMP                 1.0728+04            3.1439            0.1886       
  P-106     PUMP                 2581.0832            0.7564         4.5386-02       
  P-107     PUMP                 1.0898+04            3.1937            0.1916       
  P-108     PUMP                 1.0728+04            3.1439            0.1886       
  P-109     PUMP                 3.8624+04           11.3195            0.6792       
  P-110     PUMP                 2.3178+05           67.9282            4.0757       
  P-201     PUMP                 8.9812+05          263.2139           15.7928       
  P-202     PUMP                 1.7189+04            5.0375            0.3022       
  P-203     PUMP                 7.2308+04           21.1915            1.2715       
  P-402     PUMP                  215.4168         6.3132-02         3.7879-03       
  P-403     PUMP                  214.2263         6.2784-02         3.7670-03       
  P-404     PUMP                 4.6092+04           13.5082            0.8105       
  C-201     COMPR                1.4668+06          429.8774           25.7926       
  C-401     COMPR                1.1475+06          336.3012           20.1781       
  C-501     COMPR                 854.2042            0.2503         1.5021-02       
                          ----------------  ----------------  ---------------- 
                  TOTAL:         3.9752+06         1165.0076           69.9005       
                          ================  ================  ================ 
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                             PROBLEM STATUS SECTION                              
 BLOCK STATUS                             
 ------------ 
 **************************************************************************** 
 *                                                                          * 
 * Calculations were completed normally                                     * 
 *                                                                          * 
 * All Unit Operation blocks were completed normally                        * 
 *                                                                          * 
 * All streams were flashed normally                                        * 
 *                                                                          * 
 * All Utility blocks were completed normally                               * 
 *                                                                          * 
 * All Convergence blocks were completed normally                           * 
 *                                                                          * 
 **************************************************************************** 
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9.3 Calculations 
The steady state CSTR material balance for benzene is shown in the following equation. 
 
  Equation 4 
where Q is the volumetric flow rate, CB and CH are the molar concentrations of benzene 
and hydrogen peroxide, respectively, and k is the rate constant.  The above equation was 
rearranged and the evaporative losses of benzene through the gas stream in each reactor 
have been accounted for in the following equation. 
 
  Equation 5 
where V is the fraction of benzene in each reactor that vaporizes and is lost through the 
vapor exit stream.  In each reactor, V is 0.0643 meaning that slightly less than 94 percent 
of the remaining benzene in the reactor continued to the next reactor as a liquid.  This 
information was found using vapor liquid equilibrium data at the specified reactor 
conditions.  τ is the residence time in each reactor.   
Originally, the rate constant was found to be 0.119 square liters per mole per second.  
However, as discussed in the 
assumptions section, this value 
was increased by an order of 
magnitude to 1.19 square liters 
per mole per second.  The 
residence time in each reactor is 
2.2 hours.  In each reactor, 5 
percent of the remaining 
hydrogen peroxide degraded into 
water and oxygen.        
Using these equations, the kinetic data, and the thermodynamic data, the overall 
conversion in each reactor was calculated.  The results of these computations are shown 
in Table 9. 
  
Reactor Benzene Concentration 
Phenol 
Produced 
1 0.307 0.677 
2 0.237 0.054 
3 0.203 0.016 
Total 0.747 0.747   
Table 9 – Calculation of conversion per one mole of benzene 
feed to phenol product  
0 = 𝑄!"𝐶!!" − 𝑄!"#𝐶!!"# − 𝑘𝐶!!"#𝐶!!"# 
𝐶!!"# = 𝐶!!"(1 − 𝑉)1 + 𝑘𝐶!!"#𝜏 
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9.4 Unit Sizing 
9.4.1 Compressor 
 
9.4.2 Distillation Tower 
 
Name
Casing 
material
Actual gas flow 
rate Inlet [CFM]
Design gauge pressure 
Inlet [PSIG]
Design temperature 
Inlet [DEG F]
Design gauge pressure 
Outlet [PSIG]
Driver power 
[HP]
Molecular 
weight
C-201 CS 1817.80 35.30 139.99 179.31 576.48 34.23
C-401 CS 1163.16 35.30 234.58 179.31 450.99 27.51
C-501 CS 3.60 0.30 77.00 35.30 0.34 28.01
Specific 
heat ratio
Compressibility 
factor Inlet
Compressibility factor 
Outlet Driver type Equipment Cost [USD]
Total Direct 
Cost [USD]
Total Installed 
Weight [LBS]
C-201 1.22 0.98 0.94 MOTOR $1,191,800.00 $1,342,000.00 43091.00
C-401 1.25 0.97 0.96 MOTOR $1,023,200.00 $1,039,800.00 8736.00
C-501 1.40 1.00 1.00 MOTOR $818,500.00 $923,900.00 22865.00
Name Tray type Application Shell material
Vessel diameter 
[FEET]
Vessel tangent to tangent 
height [FEET]
Design gauge 
pressure [PSIG]
D-301-tower SIEVE DISTIL CS 11.00 48.00 179.31
D-401-tower SIEVE DISTIL CS 11.00 48.00 35.30
D-402-tower SIEVE STRIPP CS 2.00 30.00 35.30
Design temperature 
[DEG F]
Operating 
temperature 
[DEG F] Tray material Number of trays Tray spacing [INCHES]
Skirt height 
[FEET]
D-301-tower 420.76 370.76 CS 18.00 24.00 10.00
D-401-tower 475.52 425.52 CS 18.00 24.00 10.00
D-402-tower 308.27 258.27 CS 9.00 24.00 10.00
Molecular weight 
Overhead prod
Equipment 
Cost [USD]
Total Direct 
Cost [USD]
Total Installed 
Weight [LBS]
D-301-tower 49.56 $275,900.00 $576,700.00 199207.00
D-401-tower 93.68 $212,600.00 $528,800.00 140570.00
D-402-tower 27.51 $40,100.00 $144,600.00 19631.00
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9.4.3 Heat Exchanger 
 
9.4.4 Kettle Reboiler 
 
Name
Heat transfer 
area [SF] Tube material
Tube design gauge 
pressure [PSIG]
Tube design 
temperature [DEG F]
Tube operating 
temperature [DEG F]
Tube outside diameter 
[INCHES]
HX-201 638.22 CS 114.64 502.61 247.44 1.00
HX-202 303.59 CS 104.84 509.38 119.62 1.00
HX-203 4388.95 CS 186.66 286.37 224.33 1.00
HX-204 2506.73 CS 35.30 269.20 122.80 1.00
HX-301 929.90 CS 179.31 328.28 278.28 1.00
HX-401 231.27 CS 35.30 281.08 85.30 1.00
HX-402 359.16 CS 35.30 442.00 121.58 1.00
D-301-cond 2365.28 CS 114.64 371.81 95.00 1.00
D-401-cond 242.83 CS 60.30 287.75 95.00 1.00
Shell material
Shell design gauge 
pressure [PSIG]
Shell design 
temperature [DEG F]
Shell operating 
temperature [DEG F]
Tube length extended 
[FEET] Tube pitch [INCHES]
HX-201 CS 179.31 502.61 452.61 20.00 1.25
HX-202 CS 164.61 509.38 459.38 20.00 1.25
HX-203 CS 119.54 286.37 236.37 20.00 1.25
HX-204 CS 35.30 269.20 219.20 20.00 1.25
HX-301 CS 114.64 250.00 190.61 20.00 1.25
HX-401 CS 35.30 281.08 231.08 20.00 1.25
HX-402 CS 35.30 442.00 392.00 20.00 1.25
D-301-cond CS 179.31 371.81 321.81 20.00 1.25
D-401-cond CS 35.30 287.75 237.75 20.00 1.25
Number of 
tube passes
Number of shell 
passes Equipment Cost [USD]
Total Direct Cost 
[USD]
Total Installed Weight 
[LBS]
HX-201 2.00 1.00 $21,200.00 $95,700.00 22656.00
HX-202 2.00 1.00 $14,200.00 $72,800.00 12666.00
HX-203 2.00 1.00 $74,100.00 $184,200.00 59612.00
HX-204 2.00 1.00 $49,700.00 $151,200.00 42172.00
HX-301 2.00 1.00 $24,400.00 $95,600.00 22627.00
HX-401 2.00 1.00 $13,400.00 $69,900.00 11237.00
HX-402 2.00 1.00 $15,100.00 $72,900.00 12489.00
D-301-cond 1.00 1.00 $43,000.00 $145,100.00 41355.00
D-401-cond 1.00 1.00 $12,000.00 $68,100.00 10589.00
Name Heat transfer area [SF] Tube material
Tube design gauge 
pressure [PSIG]
Tube design temperature 
[DEG F]
Tube operating 
temperature [DEG F]
D-301-reb 10168.80 CS 435.30 494.60 444.60
D-401-reb 15284.80 CS 435.30 494.60 444.60
D-402-reb 289.65 CS 110.30 377.80 327.80
Tube outside diameter 
[INCHES] Shell material
Shell design gauge 
pressure [PSIG]
Shell design temperature 
[DEG F]
Shell operating 
temperature [DEG F]
D-301-reb 1.00 CS 285.30 420.76 370.76
D-401-reb 1.00 CS 285.30 475.52 425.52
D-402-reb 1.00 CS 68.64 308.27 258.27
Tube length extended 
[FEET]
Tube pitch 
[INCHES] Tube pitch symbol Number of tube passes Duty [MMBTU/H]
D-301-reb 20.00 1.25 TRIANGULAR 2.00 103.88
D-401-reb 20.00 1.25 TRIANGULAR 2.00 44.08
D-402-reb 20.00 1.25 TRIANGULAR 2.00 4.07
Equipment Cost [USD]
Total Direct 
Cost [USD]
Total Installed Weight 
[LBS]
D-301-reb $273,600.00 $437,200.00 146525.00
D-401-reb $395,900.00 $533,200.00 197583.00
D-402-reb $16,600.00 $80,600.00 11550.00
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9.4.5 Pressure Vessel 
 
9.4.6 Pump 
 
Name Application Shell material
Liquid volume 
[GALLONS]
Vessel diameter 
[FEET]
Vessel tangent to tangent 
height [FEET]
Design gauge 
pressure [PSIG]
DC-301 CONT CS 3807.37 6.00 18.00 149.92
F-201-flash vessel CONT CS 1128.11 4.00 12.00 157.26
F-401-flash vessel CONT CS 1762.67 5.00 12.00 35.30
D-301-cond acc CONT CS 3913.13 6.00 18.50 179.31
D-401-cond acc CONT CS 2843.77 5.50 16.00 35.30
Design 
temperature 
[DEG F]
Operating 
temperature 
[DEG F]
Equipment Cost 
[USD]
Total Direct Cost 
[USD]
Total Installed Weight 
[LBS]
DC-301 250.00 182.87 $32,900.00 $139,700.00 28169.00
F-201-flash vessel 250.00 149.24 $19,200.00 $97,700.00 13599.00
F-401-flash vessel 442.00 392.00 $21,200.00 $131,700.00 21215.00
D-301-cond acc 328.28 278.28 $33,200.00 $132,400.00 29228.00
D-401-cond acc 286.37 236.37 $21,800.00 $129,900.00 22440.00
Name
Number of identical 
items Casing material
Liquid flow rate 
[GPM]
Fluid head 
[FEET]
Fluid specific 
gravity
Design gauge 
pressure [PSIG]
D-301-reflux pump 2.00 CS 627.18 0.72 179.31
D-401-reflux pump 2.00 CS 69.76 0.89 35.30
P-101 2.00 CS 132.34 58.39 0.87 35.30
P-102 2.00 CS 0.07 66.76 0.76 35.30
P-103 2.00 SS304 30.16 40.05 1.27 35.30
P-104 2.00 SS304 371.22 41.19 0.82 35.30
P-105 2.00 SS304 364.42 41.04 0.83 35.30
P-106 2.00 SS304 30.16 40.05 1.27 35.30
P-107 2.00 SS304 371.22 41.19 0.82 35.30
P-108 2.00 SS304 364.42 41.04 0.83 35.30
P-109 2.00 SS304 717.27 81.97 0.83 61.74
P-110 2.00 CS 717.40 491.94 0.83 201.35
P-201 2.00 CS 557.03 420.75 0.77 186.66
P-202 2.00 CS 393.74 51.07 1.00 35.30
P-203 2.00 CS 1968.72 51.07 1.00 35.30
P-402 2.00 CS 3.21 41.41 0.82 35.30
P-403 2.00 CS 2.13 65.25 0.78 35.30
P-404 2.00 CS 874.99 68.09 1.00 35.30
Design temperature 
[DEG F]
Fluid viscosity 
[CPOISE]
Pump efficiency 
[PERCENT]
Equipment 
Cost [USD]
Total Direct 
Cost [USD]
Total Installed 
Weight [LBS]
D-301-reflux pump 328.28 0.00 70.00 $21,400.00 $120,100.00 20701.00
D-401-reflux pump 286.37 0.24 70.00 $10,600.00 $65,800.00 7286.00
P-101 250.00 0.61 55.90 $10,000.00 $74,000.00 8970.00
P-102 250.00 0.67 29.57 $7,400.00 $50,900.00 4256.00
P-103 250.00 0.91 34.76 $10,600.00 $80,200.00 6522.00
P-104 250.00 0.38 67.55 $17,400.00 $130,300.00 11007.00
P-105 250.00 0.38 67.36 $17,400.00 $130,300.00 11007.00
P-106 250.00 0.91 34.76 $10,600.00 $80,200.00 6522.00
P-107 250.00 0.38 67.55 $17,400.00 $130,300.00 11007.00
P-108 250.00 0.38 67.36 $17,400.00 $130,300.00 11007.00
P-109 250.00 0.38 73.65 $25,800.00 $176,500.00 16108.00
P-110 250.00 0.38 73.65 $70,200.00 $173,200.00 25062.00
P-201 250.00 0.37 84.71 $53,800.00 $153,300.00 22267.00
P-202 250.00 0.91 68.14 $13,800.00 $89,500.00 12596.00
P-203 250.00 0.91 80.98 $26,600.00 $175,100.00 35657.00
P-402 250.00 0.31 29.57 $7,400.00 $52,900.00 4744.00
P-403 250.00 0.61 29.57 $7,400.00 $50,900.00 4256.00
P-404 250.00 0.91 75.29 $21,800.00 $124,300.00 21570.00
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9.4.7 Reactor & Furnace 
 
  
Name Application Shell material
Liquid volume 
[GALLONS]
Vessel diameter 
[FEET]
Vessel tangent to 
tangent height 
FR-501A1 CONT CS 56428.90 14.00 49.00
R-101A1 CONT SS304 55853.10 14.00 48.50
R-101B1 CONT SS304 55853.10 14.00 48.50
R-102A1 CONT SS304 50864.00 13.50 47.50
R-102B1 CONT SS304 50864.00 13.50 47.50
R-103A1 CONT SS304 50328.60 13.50 47.00
R-103B1 CONT SS304 50328.60 13.50 47.00
Design gauge 
pressure [PSIG]
Design temperature 
[DEG F]
Equipment Cost 
[USD]
Total Direct Cost 
[USD]
Total Installed 
Weight [LBS]
FR-501A1 35.30 802.00 $725,300.00 $1,147,700.00 374921.00
R-101A1 35.30 250.00 $1,228,300.00 $1,600,100.00 333793.00
R-101B1 35.30 250.00 $1,228,300.00 $1,600,100.00 333793.00
R-102A1 35.30 250.00 $1,144,000.00 $1,506,600.00 306117.00
R-102B1 35.30 250.00 $1,144,000.00 $1,506,600.00 306117.00
R-103A1 35.30 250.00 $1,106,000.00 $1,468,400.00 300596.00
R-103B1 35.30 250.00 $1,106,000.00 $1,468,400.00 300854.00
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9.5 Economic Analysis 
9.5.1 Seider et al. Spreadsheets (49) 
 
General Information
Process Title: Direct Route to Phenol from Benzene
Product: Phenol
Plant Site Location: U.S. Gulf Coast
Site Factor: 1.00
Operating Hours per Year: 7920
Operating Days Per Year: 330
Operating Factor: 0.9041
Product Information
This Process will Yield
63,228 lb of Phenol per hour
1,517,463 lb of Phenol per day
500,762,835 lb of Phenol per year
Price $0.80 /lb
Chronology
Production Depreciation Product Price
Year Action Capacity 15 year MACRS
2012 Design 0.0%
2013 Construction 0.0%
2014 Production 50.0% 5.00% $0.80
2015 Production 66.7% 9.50% $0.80
2016 Production 83.3% 8.55% $0.80
2017 Production 100.0% 7.70% $0.80
2018 Production 100.0% 6.93% $0.80
2019 Production 100.0% 6.23% $0.80
2020 Production 100.0% 5.90% $0.80
2021 Production 100.0% 5.90% $0.80
2022 Production 100.0% 5.91% $0.80
2023 Production 100.0% 5.90% $0.80
2024 Production 100.0% 5.91% $0.80
2025 Production 100.0% 5.90% $0.80
2026 Production 100.0% 5.91% $0.80
2027 Production 100.0% 5.90% $0.80
2028 Production 100.0% 5.91% $0.80
Distribution of
Permanent Investment
100%
0%
0%
0%
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Equipment Costs
Equipment Description Bare Module Cost
C-201 Process Machinery $2,562,370
C-401 Process Machinery $2,199,880
C-501 Process Machinery $1,759,775
D-301-cond Process Machinery $136,310
D-301-cond acc Process Machinery $101,260
D-301-reb Process Machinery $867,312
D-301-reflux pump Process Machinery $70,620
D-301-tower Process Machinery $1,147,744
D-401-cond Process Machinery $38,040
D-401-cond acc Process Machinery $66,490
D-401-reb Process Machinery $1,255,003
D-401-reflux pump Process Machinery $34,980
D-401-tower Process Machinery $884,416
D-402-reb Process Machinery $52,622
D-402-tower Process Machinery $166,816
DC-301 Process Machinery $100,345
F-201-flash vessel Process Machinery $79,872
F-401-flash vessel Process Machinery $88,192
FR-501A1 Process Machinery $1,588,407
HX-201 Process Machinery $38,160
HX-202 Process Machinery $25,560
HX-203 Process Machinery $133,380
HX-204 Process Machinery $89,460
HX-301 Process Machinery $43,920
HX-401 Process Machinery $24,120
HX-402 Process Machinery $27,180
P-101 Process Machinery $16,500
P-102 Process Machinery $12,210
P-103 Process Machinery $17,490
P-104 Process Machinery $28,710
P-105 Process Machinery $28,710
P-106 Process Machinery $17,490
P-107 Process Machinery $28,710
P-108 Process Machinery $28,710
P-109 Process Machinery $42,570
P-110 Process Machinery $115,830
P-111 Process Machinery $149,820
P-112 Process Machinery $149,820
Additional Equipment $31,166,516
Total $45,385,320
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Raw Materials
Raw Material: Unit: Required Ratio: Cost of Raw Material:
1 Benzene lb 0.8309143 lb per lb of Phenol $0.400 per lb
2 Hydrogen Peroxide lb 0.5521663 lb per lb of Phenol $0.50 per lb
3 Nitrogen lb 0.0002442 lb per lb of Phenol $0.05 per lb
4 Acetonitrile lb 0.0119653 lb per lb of Phenol $0.70 per lb
Total Weighted Average: $0.617 per lb of Phenol
Byproducts
Byproduct: Unit: Ratio to Product Byproduct Selling Price
1 Waste Water lb 0.3784197 lb per lb of Phenol -$4.488E-03 per lb
Total Weighted Average: -$1.698E-03 per lb of Phenol
Utilities
Utility: Unit: Required Ratio Utility Cost
1 400 psi Steam lb 2.9986143 lb per lb of Phenol $0.012 per lb
2 100 psi Steam lb 0.0724853 lb per lb of Phenol $8.140E-03 per lb
3 Process Water gal 0 gal per lb of Phenol $0.000E+00 per gal
4 Cooling Water gal 8.7302499 gal per lb of Phenol $1.020E-04 per gal
5 Electricity kWh 0.0239269 kWh per lb of Phenol $0.082 per kWh
6 Chilled Water lb 10.459351 lb per lb of Phenol $2.366E-04 per lb
7 50 psi steam lb 0.0492386 lb per lb of Phenol $0.00 per lb
8 Natural Gas lb 7.592E-05 lb per lb of Phenol $0.11 per lb
Total Weighted Average: $0.041 per lb of Phenol
Variable Costs
General Expenses:
Selling / Transfer Expenses: 3.00% of Sales
Direct Research: 4.80% of Sales
Allocated Research: 0.50% of Sales
Administrative Expense: 2.00% of Sales
Management Incentive Compensation: 1.25% of Sales
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Working Capital
Accounts Receivable   30 Days
Cash Reserves (excluding Raw Materials)   30 Days
Accounts Payable   30 Days
Phenol Inventory   7 Days
Raw Materials   2 Days
Total Permanent Investment
Cost of Site Preparations: 10.00% of Total Bare Module Costs
Cost of Service Facilities: 5.00% of Total Bare Module Costs
Allocated Costs for utility plants and related facilities: $0
Cost of Contingencies and Contractor Fees: 18.00% of Direct Permanent Investment
Cost of Land: 2.00% of Total Depreciable Capital
Cost of Royalties: $0
Cost of Plant Start-Up: 10.00% of Total Depreciable Capital
Fixed Costs
Operations
Operators per Shift: 8 (assuming 5 shifts)
Direct Wages and Benefits: $35 /operator hour
Direct Salaries and Benefits: 15% of Direct Wages and Benefits
Operating Supplies and Services: 6% of Direct Wages and Benefits
Technical Assistance to Manufacturing: $0.00 per year, for each Operator per Shift
Control Laboratory: $0.00 per year, for each Operator per Shift
Maintenance
Wages and Benefits: 4.50% of Total Depreciable Capital
Salaries and Benefits: 25% of Maintenance Wages and Benefits
Materials and Services: 100% of Maintenance Wages and Benefits
Maintenance Overhead: 5% of Maintenance Wages and Benefits
Operating Overhead
General Plant Overhead: 7.10% of Maintenance and Operations Wages and Benefits
Mechanical Department Services: 2.40% of Maintenance and Operations Wages and Benefits
Employee Relations Department: 5.90% of Maintenance and Operations Wages and Benefits
Business Services: 7.40% of Maintenance and Operations Wages and Benefits
Property Taxes and Insurance
Property Taxes and Insurance: 2% of Total Depreciable Capital
Straight Line Depreciation
Direct Plant: 8.00% of Total Depreciable Capital, less 1.18 times the Allocated Costs 
for Utility Plants and Related Facilities
Allocated Plant: 6.00% of 1.18 times the Allocated Costs for Utility Plants and Related Facilities
Other Annual Expenses
Rental Fees (Office and Laboratory Space): $0
Licensing Fees: $0
Miscellaneous: $0
Depletion Allowance
Annual Depletion Allowance: $0
Direct Route to Phenol from Benzene   Kutlu, Martin, Ross, Greco 
244 
 
 
Variable Cost Summary
Variable Costs at 100% Capacity:
General Expenses
Selling / Transfer Expenses: 12,018,308$             
Direct Research: 19,229,293$             
Allocated Research: 2,003,051$               
Administrative Expense: 8,012,205$               
Management Incentive Compensation: 5,007,628$               
Total General Expenses 46,270,486$             
Raw Materials $0.616837 per lb of Phenol $308,888,932
Byproducts -$0.001698 per lb of Phenol $850,469
Utilities $0.041201 per lb of Phenol $20,632,122
Total Variable Costs 376,642,009$           
Fixed Cost Summary
Operations
Direct Wages and Benefits 2,912,000$               
Direct Salaries and Benefits 436,800$                  
Operating Supplies and Services 174,720$                  
Technical Assistance to Manufacturing -$                         
Control Laboratory -$                         
Total Operations 3,523,520$               
Maintenance
Wages and Benefits 2,723,598$               
Salaries and Benefits 680,899$                  
Materials and Services 2,723,598$               
Maintenance Overhead 136,180$                  
Total Maintenance 6,264,275$               
Operating Overhead
General Plant Overhead: 479,484$                  
Mechanical Department Services: 162,079$                  
Employee Relations Department: 398,445$                  
Business Services: 499,744$                  
Total Operating Overhead 1,539,752$               
Property Taxes and Insurance
Property Taxes and Insurance: 1,210,488$               
Other Annual Expenses
Rental Fees (Office and Laboratory Space): -$                         
Licensing Fees: -$                         
Miscellaneous: -$                         
Total Other Annual Expenses -$                         
Total Fixed Costs 12,538,035$             
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Investment Summary
Bare Module Costs
Fabricated Equipment -$                         
Process Machinery 43,589,900$             
Spares 453,420$                  
Storage 558,300$                  
Other Equipment -$                         
Catalysts -$                         
Computers, Software, Etc. -$                         
Total Bare Module Costs: 44,601,620$            
Direct Permanent Investment
Cost of Site Preparations: 4,460,162$               
Cost of Service Facilities: 2,230,081$               
Allocated Costs for utility plants and related facilities: -$                         
Direct Permanent Investment 51,291,863$            
Total Depreciable Capital
Cost of Contingencies & Contractor Fees 9,232,535$               
Total Depreciable Capital 60,524,398$            
Total Permanent Investment
Cost of Land: 1,210,488$               
Cost of Royalties: -$                         
Cost of Plant Start-Up: 6,052,440$               
Total Permanent Investment - Unadjusted 67,787,326$            
Site Factor 1.00
Total Permanent Investment 67,787,326$            
Working Capital
2013 2014 2015
Accounts Receivable 16,463,436$             5,487,812$              5,487,812$                 
Cash Reserves 1,363,157$               454,386$                 454,386$                    
Accounts Payable (13,541,961)$           (4,513,987)$             (4,513,987)$               
Phenol Inventory 3,841,468$               1,280,489$              1,280,489$                 
Raw Materials 846,271$                  282,090$                 282,090$                    
Total 8,972,371$               2,990,790$              2,990,790$                 
Present Value at 9% 8,231,533$              2,517,288$             2,309,439$                
Total Capital Investment 80,845,587$            
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Profitability Measures
The Internal Rate of Return (IRR) for this project is 4.98%
The Net Present Value (NPV) of this project in 2012 is (20,532,100)$   
ROI Analysis (Third Production Year)
Annual Sales 333,841,890     
Annual Costs (326,406,376)   
Depreciation (5,422,986)       
Income Tax (744,635)          
Net Earnings 1,267,893         
Total Capital Investment 85,732,068       
ROI 1.48%
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9.6 MSDS 
9.6.1 Acetonitrile (51)
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9.6.2 Benzene (51) 
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9.6.3 Hydrogen Peroxide (51) 
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Material Safety Data Sheet
Hydrogen Peroxide 30% MSDS
Section 1: Chemical Product and Company Identification
Product Name: Hydrogen Peroxide 30%
Catalog Codes: SLH1552
CAS#: Mixture.
RTECS: Not applicable.
TSCA: TSCA 8(b) inventory: Water; Hydrogen Peroxide
CI#: Not applicable.
Synonym:   Hydrogen Peroxide 30%
Chemical Name: Not applicable.
Chemical Formula: Not applicable.
Contact Information:
Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396
US Sales: 1-800-901-7247
International Sales: 1-281-441-4400
Order Online: ScienceLab.com
CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300
International CHEMTREC, call: 1-703-527-3887
For non-emergency assistance, call: 1-281-441-4400
Section 2: Composition and Information on Ingredients
Composition:
Name CAS # % by Weight
Water 7732-18-5 70
Hydrogen Peroxide 7722-84-1 30
Toxicological Data on Ingredients: Hydrogen Peroxide: ORAL (LD50): Acute: 2000 mg/kg [Mouse]. DERMAL (LD50): Acute:
4060 mg/kg [Rat]. 2000 mg/kg [ pig]. VAPOR (LC50): Acute: 2000 mg/m 4 hours [Rat].
Section 3: Hazards Identification
Potential Acute Health Effects:
Very hazardous in case of skin contact (irritant), of eye contact (irritant). Hazardous in case of skin contact (corrosive), of eye
contact (corrosive), of ingestion, . Slightly hazardous in case of inhalation (lung sensitizer). Liquid or spray mist may produce
tissue damage particularly on mucous membranes of eyes, mouth and respiratory tract. Skin contact may produce burns.
Inhalation of the spray mist may produce severe irritation of respiratory tract, characterized by coughing, choking, or shortness
of breath. Prolonged exposure may result in skin burns and ulcerations. Over-exposure by inhalation may cause respiratory
irritation. Inflammation of the eye is characterized by redness, watering, and itching. Skin inflammation is characterized by
itching, scaling, reddening, or, occasionally, blistering.
Potential Chronic Health Effects:
CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Not available. TERATOGENIC EFFECTS: Not available.
DEVELOPMENTAL TOXICITY: Not available. The substance is toxic to lungs, mucous membranes. Repeated or prolonged
exposure to the substance can produce target organs damage.
p. 2
Section 4: First Aid Measures
Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Cold water may be used. Get medical attention immediately.
Skin Contact:
In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing
and shoes. Cover the irritated skin with an emollient. Cold water may be used.Wash clothing before reuse. Thoroughly clean
shoes before reuse. Get medical attention immediately.
Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek immediate medical
attention.
Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical
attention immediately.
Serious Inhalation:
Evacuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If
breathing is difficult, administer oxygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. WARNING: It may
be hazardous to the person providing aid to give mouth-to-mouth resuscitation when the inhaled material is toxic, infectious or
corrosive. Seek immediate medical attention.
Ingestion:
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. Loosen tight clothing such as a collar, tie, belt or waistband. Get medical attention if symptoms appear.
Serious Ingestion: Not available.
Section 5: Fire and Explosion Data
Flammability of the Product: Non-flammable.
Auto-Ignition Temperature: Not applicable.
Flash Points: Not applicable.
Flammable Limits: Not applicable.
Products of Combustion: Not available.
Fire Hazards in Presence of Various Substances: combustible materials
Explosion Hazards in Presence of Various Substances: Slightly explosive in presence of open flames and sparks, of heat,
of organic materials, of metals, of acids.
Fire Fighting Media and Instructions:
Fire: Small fires: Use water. Do not use dry chemicals or foams. CO2, or Halon may provide limited control. Large fires: Flood
fire area with water from a distance. Move containers from fire area if you can do it without risk. Do not move cargo or vehicle
if cargo has been exposed to heat. Fight fire from maximum distance or use unmanned hose holders or monitor nozzles.
Cool containers with flooding quantities of water until well after fire is out. ALWAYS stay away from tanks engulfed in fire.
For massive fire, use unmanned hose holders or monitor nozzles; if this is impossible, withdraw from area and let fire burn. /
Hydrogen peroxide, aqueous solution, with not less than 8% but less than 20% Hydrogen peroxide; Hydrogen peroxide,
aqueous solution, with not less than 20% but not more than 60% Hydrogen peroxide (stabilized as necessary)/ [QC Reviewed]
[U.S. Department of Transportation. 2000 Emergency Response Guidebook. RSPA P 5800.8 Edition. Washington, D.C: U.S.
Government Printing Office, 2000,p. G-140]
Special Remarks on Fire Hazards:
Most cellulose (wood, cotton) materials contain enough catalyst to cause spontaneous ignition with 90% Hydrogen Peroxide.
Hydrogen Peroxide is a strong oxider. It is not flammable itself, but it can cause spontaneous combustion of flammable
materials and continued support of the combustion because it liberates oxygen as it decomposes. Hydrogen peroxide mixed
with magnesium and a trace of magnesium dioxide will ignite immediately.
Special Remarks on Explosion Hazards:
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Section 4: First Aid Measures
Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Cold water may be used. Get medical attention immediately.
Skin Contact:
In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing
and shoes. Cover the irritated skin with an emollient. Cold water may be used.Wash clothing before reuse. Thoroughly clean
shoes before reuse. Get medical attention immediately.
Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek immediate medical
attention.
Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical
attention immediately.
Serious Inhalation:
Evacuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If
breathing is difficult, administer oxygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. WARNING: It may
be hazardous to the person providing aid to give mouth-to-mouth resuscitation when the inhaled material is toxic, infectious or
corrosive. Seek immediate medical attention.
Ingestion:
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. Loosen tight clothing such as a collar, tie, belt or waistband. Get medical attention if symptoms appear.
Serious Ingestion: Not available.
Section 5: Fire and Explosion Data
Flammability of the Product: Non-flammable.
Auto-Ignition Temperature: Not applicable.
Flash Points: Not applicable.
Flammable Limits: Not applicable.
Products of Combustion: Not available.
Fire Hazards in Presence of Various Substances: combustible materials
Explosion Hazards in Presence of Various Substances: Slightly explosive in presence of open flames and sparks, of heat,
of organic materials, of metals, of acids.
Fire Fighting Media and Instructions:
Fire: Small fires: Use water. Do not use dry chemicals or foams. CO2, or Halon may provide limited control. Large fires: Flood
fire area with water from a distance. Move containers from fire area if you can do it without risk. Do not move cargo or vehicle
if cargo has been exposed to heat. Fight fire from maximum distance or use unmanned hose holders or monitor nozzles.
Cool containers with flooding quantities of water until well after fire is out. ALWAYS stay away from tanks engulfed in fire.
For massive fire, use unmanned hose holders or monitor nozzles; if this is impossible, withdraw from area and let fire burn. /
Hydrogen peroxide, aqueous solution, with not less than 8% but less than 20% Hydrogen peroxide; Hydrogen peroxide,
aqueous solution, with not less than 20% but not more than 60% Hydrogen peroxide (stabilized as necessary)/ [QC Reviewed]
[U.S. Department of Transportation. 2000 Emergency Response Guidebook. RSPA P 5800.8 Edition. Washington, D.C: U.S.
Government Printing Office, 2000,p. G-140]
Special Remarks on Fire Hazards:
Most cellulose (wood, cotton) materials contain enough catalyst to cause spontaneous ignition with 90% Hydrogen Peroxide.
Hydrogen Peroxide is a strong oxider. It is not flammable itself, but it can cause spontaneous combustion of flammable
materials and continued support of the combustion because it liberates oxygen as it decomposes. Hydrogen peroxide mixed
with magnesium and a trace of magnesium dioxide will ignite immediately.
Special Remarks on Explosion Hazards:
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Soluble fuels (acetone, ethanol, glycerol) will detonate on a mixture with peroxide over 30% concentration, the violence
increasing with concentration. Explosive with acetic acid, acetic anhydride, acetone, alcohols, carboxylic acids, nitrogen
containing bases, As2S3, Cl2 + KOH, FeS, FeSO4 + 2 methylpryidine + H2SO4, nitric acid, potassium permanganate,
P2O5, H2Se, Alcohols + H2SO4, Alcohols + tin chloride, Antimoy trisulfide, chlorosulfonic acid, Aromatic hydrocarbons
+ trifluoroacetic acid, Azeliac acid + sulfuric acid (above 45 C), Benzenesulfonic anhydride, tert-butanol + sulfuric acid,
Hydrazine, Sulfuric acid, Sodium iodate, Tetrahydrothiophene, Thiodiglycol, Mercurous oxide, mercuric oxide, Lead dioxide,
Lead oxide, Manganese dioxide, Lead sulfide, Gallium + HCl, Ketenes + nitric acid, Iron (II) sulfate + 2-methylpyridine +
sulfuric acid, Iron (II) sulfate + nitric acid, + sodium carboxymethylcellulose (when evaporated), Vinyl acetate, trioxane, water
+ oxygenated compounds (eg: acetaldehyde, acetic acid, acetone, ethanol, formaldehyde, formic acid, methanol, 2-propanol,
propionaldehyde), organic compounds. Beware: Many mixitures of hydrogen peroxide and organic materials may not
explode upon contact. However, the resulting combination is detonatable either upon catching fire or by impact. EXPLOSION
HAZARD: SEVERE, WHEN HIGHLY CONCENTRATED OR PURE H2O2 IS EXPOSED TO HEAT, MECHANICAL IMPACT,
OR CAUSED TO DECOMPOSE CATALYTICALLY BY METALS & THEIR SALTS, DUSTS & ALKALIES. ANOTHER
SOURCE OF HYDROGEN PEROXIDE EXPLOSIONS IS FROM SEALING THE MATERIAL IN STRONG CONTAINERS.
UNDER SUCH CONDITIONS EVEN GRADUAL DECOMPOSITION OF HYDROGEN PEROXIDE TO WATER + 1/2 OXYGEN
CAN CAUSE LARGE PRESSURES TO BUILD UP IN THE CONTAINERS WHICH MAY BURST EXPLOSIVELY. Fire or
explosion: May explode from friction, heat or contamination. These substances will accelerate burning when involved in a fire.
May ignite combustibles (wood, paper, oil, clothing, etc.). Some will react explosively with hydrocarbons (fuels). Containers
may explode when heated. Runoff may create fire or explosion hazard. /Hydrogen peroxide, aqueous solution, stabilized,
with more than 60% Hydrogen peroxide; Hydrogen peroxide, stabilized/ [QC Reviewed] [U.S. Department of Transportation.
2000 Emergency Response Guidebook. RSPA P 5800.8 Edition. Washington, D.C: U.S. Government Printing Office,
2000,p. G-143] . Fire or explosion: These substances will accelerate burning when involved in a fire. Some may decompose
explosively when heated or involved in a fire. May explode from heat or contamination. Some will react explosively with
hydrocarbons (fuels). May ignite combustibles (wood, paper, oil, clothing, etc.). Containers may explode when heated. Runoff
may create fire or explosion hazard. /Hydrogen peroxide, aqueous solution, with not less than 8% but less than 20% Hydrogen
peroxide; Hydrogen peroxide, aqueous solution, with not less than 20% but not more than 60% Hydrogen peroxide (stabilized
as necessary)/ [QC Reviewed] [U.S. Department of Transportation. 2000 Emergency Response Guidebook. RSPA P 5800.8
Edition. Washington, D.C: U.S. Government Printing Office, 2000,p. G-140] (Hydrogen Peroxide)
Section 6: Accidental Release Measures
Small Spill:
Dilute with water and mop up, or absorb with an inert dry material and place in an appropriate waste disposal container.
Large Spill:
Corrosive liquid. Oxidizing material. Stop leak if without risk. Absorb with DRY earth, sand or other non-combustible material.
Do not get water inside container. Avoid contact with a combustible material (wood, paper, oil, clothing...). Keep substance
damp using water spray. Do not touch spilled material. Use water spray curtain to divert vapor drift. Prevent entry into sewers,
basements or confined areas; dike if needed. Call for assistance on disposal. Be careful that the product is not present at a
concentration level above TLV. Check TLV on the MSDS and with local authorities.
Section 7: Handling and Storage
Precautions:
Keep locked up.. Keep container dry. Keep away from heat. Keep away from sources of ignition. Keep away from combustible
material.. Do not ingest. Do not breathe gas/fumes/ vapor/spray. Never add water to this product. In case of insufficient
ventilation, wear suitable respiratory equipment. If ingested, seek medical advice immediately and show the container or
the label. Avoid contact with skin and eyes. Keep away from incompatibles such as oxidizing agents, reducing agents,
combustible materials, organic materials, metals, acids, alkalis.
Storage:
Keep container tightly closed. Keep container in a cool, well-ventilated area. Separate from acids, alkalies, reducing agents
and combustibles. See NFPA 43A, Code for the Storage of Liquid and Solid Oxidizers. Do not store above 8°C (46.4°F).
Refrigerate Sensitive to light. Store in light-resistant containers.
Section 8: Exposure Controls/Personal Protection
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+ trifluoroacetic acid, Azeliac acid + sulfuric acid (above 45 C), Benzenesulfonic anhydride, tert-butanol + sulfuric acid,
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may explode when heated. Runoff may create fire or explosion hazard. /Hydrogen peroxide, aqueous solution, stabilized,
with more than 60% Hydrogen peroxide; Hydrogen peroxide, stabilized/ [QC Reviewed] [U.S. Department of Transportation.
2000 Emergency Response Guidebook. RSPA P 5800.8 Edition. Washington, D.C: U.S. Government Printing Office,
2000,p. G-143] . Fire or explosion: These substances will accelerate burning when involved in a fire. Some may decompose
explosively when heated or involved in a fire. May explode from heat or contamination. Some will react explosively with
hydrocarbons (fuels). May ignite combustibles (wood, paper, oil, clothing, etc.). Containers may explode when heated. Runoff
may create fire or explosion hazard. /Hydrogen peroxide, aqueous solution, with not less than 8% but less than 20% Hydrogen
peroxide; Hydrogen peroxide, aqueous solution, with not less than 20% but not more than 60% Hydrogen peroxide (stabilized
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Edition. Washington, D.C: U.S. Government Printing Office, 2000,p. G-140] (Hydrogen Peroxide)
Section 6: Accidental Release Measures
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Dilute with water and mop up, or absorb with an inert dry material and place in an appropriate waste disposal container.
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Corrosive liquid. Oxidizing material. Stop leak if without risk. Absorb with DRY earth, sand or other non-combustible material.
Do not get water inside container. Avoid contact with a combustible material (wood, paper, oil, clothing...). Keep substance
damp using water spray. Do not touch spilled material. Use water spray curtain to divert vapor drift. Prevent entry into sewers,
basements or confined areas; dike if needed. Call for assistance on disposal. Be careful that the product is not present at a
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Section 7: Handling and Storage
Precautions:
Keep locked up.. Keep container dry. Keep away from heat. Keep away from sources of ignition. Keep away from combustible
material.. Do not ingest. Do not breathe gas/fumes/ vapor/spray. Never add water to this product. In case of insufficient
ventilation, wear suitable respiratory equipment. If ingested, seek medical advice immediately and show the container or
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Storage:
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Refrigerate Sensitive to light. Store in light-resistant containers.
Section 8: Exposure Controls/Personal Protection
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Engineering Controls:
Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their respective
threshold limit value. Ensure that eyewash stations and safety showers are proximal to the work-station location.
Personal Protection:
Face shield. Full suit. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Gloves. Boots.
Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Vapor respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.
Exposure Limits:
Hydrogen Peroxide TWA: 1 (ppm) from ACGIH (TLV) [United States] TWA: 1 (ppm) from OSHA (PEL) [United States] TWA: 1
STEL: 2 [Canada] TWA: 1.4 (mg/m3) from NIOSH TWA: 1.4 (mg/m3) from OSHA (PEL) [United States] TWA: 1 (ppm) [United
Kingdom (UK)] TWA: 1.4 (mg/m3) [United Kingdom (UK)]Consult local authorities for acceptable exposure limits.
Section 9: Physical and Chemical Properties
Physical state and appearance: Liquid.
Odor: Odorless.
Taste: Slightly acid. Bitter
Molecular Weight: Not applicable.
Color: Clear Colorless.
pH (1% soln/water): Not available
Boiling Point: 108°C (226.4°F)
Melting Point: -33°C (-27.4°F)
Critical Temperature: Not available.
Specific Gravity: 1.1 (Water = 1)
Vapor Pressure: 3.1 kPa (@ 20°C)
Vapor Density: 1.1 (Air = 1)
Volatility: Not available.
Odor Threshold: Not available.
Water/Oil Dist. Coeff.: Not available.
Ionicity (in Water): Not available.
Dispersion Properties: See solubility in water, diethyl ether.
Solubility:
Easily soluble in cold water. Soluble in diethyl ether.
Section 10: Stability and Reactivity Data
Stability: The product is stable. It contains a stabilizer.
Instability Temperature: Not available.
Conditions of Instability: Excess heat, incompatible materials
Incompatibility with various substances: Reactive with reducing agents, combustible materials, organic materials, metals,
acids, alkalis.
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Corrosivity: Non-corrosive in presence of glass.
Special Remarks on Reactivity:
Light sensitive. Incompatible with reducing materials, ethers (dioxane, furfuran, tetrahydrofuran), oxidizing materials,
Metals(eg. potassium, sodium lithium, iron, copper, brass, bronze, chromium, zinc, lead, silver, nickel), metal oxides (eg.
cobalt oxide, iron oxide, lead oxide, lead hydroxide, manganese oxide), metal salts (eg. calcium permanganate, salts of
iron), manganese, asbestos, vanadium, platinium, tungsten, molybdeum, triethylamine, palladium, sodium pyrophosphate,
carboxylic acids, cyclopentadiene, formic acid, rust, ketones, sodium carbonate, alcohols, sodium borate, aniline, mercurous
chloride, rust, nitric acid, sodium pyrophosphate, hexavalent chromium compounds, tetrahydrofuran, sodium fluoride organic
matter, potassium permanganate, urea, chlorosulfonic acid, manganese dioxide, hydrogen selenide, charcoal, coal, sodium
borate, alkalies, cyclopentadiene, glycerine, cyanides (potassium, cyanide, sodium cyanide), nitrogen compounds.. Caused to
decompose catalytically by metals (in order of decreasing effectiveness): Osmium, Palladium, Platinum, Iridium, Gold, Silver,
Manganese, Cobalt, Copper, Lead. Concentrated hydrogen peroxide may decompose violently or explosively in contact with
iron, copper, chromium, and most other metals and their salts, and dust.  (Hydrogen Peroxide)
Special Remarks on Corrosivity: Not available.
Polymerization: Will not occur.
Section 11: Toxicological Information
Routes of Entry: Absorbed through skin. Eye contact.
Toxicity to Animals:
Acute oral toxicity (LD50): 6667 mg/kg (Mouse) (Calculated value for the mixture). Acute dermal toxicity (LD50): 6667 mg/kg
( pig) (Calculated value for the mixture).
Chronic Effects on Humans:
CARCINOGENIC EFFECTS: Classified A3 (Proven for animal.) by ACGIH [Hydrogen Peroxide]. Classified 3 (Not classifiable
for human.) by IARC [Hydrogen Peroxide]. MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. [Hydrogen
Peroxide]. Mutagenic for bacteria and/or yeast. [Hydrogen Peroxide]. Contains material which may cause damage to the
following organs: blood, upper respiratory tract, skin, eyes, central nervous system (CNS).
Other Toxic Effects on Humans:
Very hazardous in case of skin contact (irritant). Hazardous in case of skin contact (corrosive), of eye contact (corrosive), of
ingestion, of inhalation (lung corrosive).
Special Remarks on Toxicity to Animals: Not available.
Special Remarks on Chronic Effects on Humans:
May cause cancer and may affect genetic material based on animal data. May be tumorigenic. (Hydrogen Peroxide)
Special Remarks on other Toxic Effects on Humans:
Acute Potential Health Effects: Skin: Causes severe skin irritation and possible burns. Absorption into skin may affect
behavior/central nervous system (tremor, ataxia, convulsions), respiration (dyspnea, pulmonary emboli), brain. Eyes: Causes
severe eye irritation, superficial clouding, corneal edema, and may cause burns. Inhalation: Causes respiratory tract irritation
with coughing, lacrimation. May cause chemical burns to the respiratory tract. May affect behavior/Central nervous system
(insomnia, headache, ataxia, nervous tremors with numb extremities) and may cause ulceration of nasal tissue, and , chemical
pneumonia, unconciousness, and possible death. At high concentrations, respiratory effects may include acute lung damage,
and delayed pulmonary edema. May affect blood. Ingestion: Causes gastrointestional tract irritation with nausea, vomiting,
hypermotility, and diarrhea. Causes gastrointestional tract burns. May affect cardiovascular system and cause vascular
collapse and damage. May affect blood (change in leukocyte count, pigmented or nucleated red blood cells). May cause
difficulty in swallowing, stomach distension and possible cerebal swelling. May affect behavior/central nervous system (tetany,
excitement). Chronic Potential Health Effects: Prolonged or repeated skin contact may cause dermatitis. Repeated contact
may also cause corneal damage. Prolonged or repeated ingestion may affect metabolism (weight loss). Prolonged or repeated
inhalation may affect respiration, blood.  (Hydrogen Peroxide)
Section 12: Ecological Information
Ecotoxicity: Not available.
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Corrosivity: Non-corrosive in presence of glass.
Special Remarks on Reactivity:
Light sensitive. Incompatible with reducing materials, ethers (dioxane, furfuran, tetrahydrofuran), oxidizing materials,
Metals(eg. potassium, sodium lithium, iron, copper, brass, bronze, chromium, zinc, lead, silver, nickel), metal oxides (eg.
cobalt oxide, iron oxide, lead oxide, lead hydroxide, manganese oxide), metal salts (eg. calcium permanganate, salts of
iron), manganese, asbestos, vanadium, platinium, tungsten, molybdeum, triethylamine, palladium, sodium pyrophosphate,
carboxylic acids, cyclopentadiene, formic acid, rust, ketones, sodium carbonate, alcohols, sodium borate, aniline, mercurous
chloride, rust, nitric acid, sodium pyrophosphate, hexavalent chromium compounds, tetrahydrofuran, sodium fluoride organic
matter, potassium permanganate, urea, chlorosulfonic acid, manganese dioxide, hydrogen selenide, charcoal, coal, sodium
borate, alkalies, cyclopentadiene, glycerine, cyanides (potassium, cyanide, sodium cyanide), nitrogen compounds.. Caused to
decompose catalytically by metals (in order of decreasing effectiveness): Osmium, Palladium, Platinum, Iridium, Gold, Silver,
Manganese, Cobalt, Copper, Lead. Concentrated hydrogen peroxide may decompose violently or explosively in contact with
iron, copper, chromium, and most other metals and their salts, and dust.  (Hydrogen Peroxide)
Special Remarks on Corrosivity: Not available.
Polymerization: Will not occur.
Section 11: Toxicological Information
Routes of Entry: Absorbed through skin. Eye contact.
Toxicity to Animals:
Acute oral toxicity (LD50): 6667 mg/kg (Mouse) (Calculated value for the mixture). Acute dermal toxicity (LD50): 6667 mg/kg
( pig) (Calculated value for the mixture).
Chronic Effects on Humans:
CARCINOGENIC EFFECTS: Classified A3 (Proven for animal.) by ACGIH [Hydrogen Peroxide]. Classified 3 (Not classifiable
for human.) by IARC [Hydrogen Peroxide]. MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. [Hydrogen
Peroxide]. Mutagenic for bacteria and/or yeast. [Hydrogen Peroxide]. Contains material which may cause damage to the
following organs: blood, upper respiratory tract, skin, eyes, central nervous system (CNS).
Other Toxic Effects on Humans:
Very hazardous in case of skin contact (irritant). Hazardous in case of skin contact (corrosive), of eye contact (corrosive), of
ingestion, of inhalation (lung corrosive).
Special Remarks on Toxicity to Animals: Not available.
Special Remarks on Chronic Effects on Humans:
May cause cancer and may affect genetic material based on animal data. May be tumorigenic. (Hydrogen Peroxide)
Special Remarks on other Toxic Effects on Humans:
Acute Potential Health Effects: Skin: Causes severe skin irritation and possible burns. Absorption into skin may affect
behavior/central nervous system (tremor, ataxia, convulsions), respiration (dyspnea, pulmonary emboli), brain. Eyes: Causes
severe eye irritation, superficial clouding, corneal edema, and may cause burns. Inhalation: Causes respiratory tract irritation
with coughing, lacrimation. May cause chemical burns to the respiratory tract. May affect behavior/Central nervous system
(insomnia, headache, ataxia, nervous tremors with numb extremities) and may cause ulceration of nasal tissue, and , chemical
pneumonia, unconciousness, and possible death. At high concentrations, respiratory effects may include acute lung damage,
and delayed pulmonary edema. May affect blood. Ingestion: Causes gastrointestional tract irritation with nausea, vomiting,
hypermotility, and diarrhea. Causes gastrointestional tract burns. May affect cardiovascular system and cause vascular
collapse and damage. May affect blood (change in leukocyte count, pigmented or nucleated red blood cells). May cause
difficulty in swallowing, stomach distension and possible cerebal swelling. May affect behavior/central nervous system (tetany,
excitement). Chronic Potential Health Effects: Prolonged or repeated skin contact may cause dermatitis. Repeated contact
may also cause corneal damage. Prolonged or repeated ingestion may affect metabolism (weight loss). Prolonged or repeated
inhalation may affect respiration, blood.  (Hydrogen Peroxide)
Section 12: Ecological Information
Ecotoxicity: Not available.
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BOD5 and COD: Not available.
Products of Biodegradation: Possibly hazardous short/long term degradation products are to be expected.
Toxicity of the Products of Biodegradation: The products of degradation are less toxic than the product itself.
Special Remarks on the Products of Biodegradation: Not available.
Section 13: Disposal Considerations
Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.
Section 14: Transport Information
DOT Classification: CLASS 5.1: Oxidizing material.
Identification: : Hydrogen peroxide, aqueous solution UNNA: 2014 PG: II
Special Provisions for Transport: Not available.
Section 15: Other Regulatory Information
Federal and State Regulations:
New York acutely hazardous substances: Hydrogen Peroxide Rhode Island RTK hazardous substances: Hydrogen Peroxide
Pennsylvania RTK: Hydrogen Peroxide Florida: Hydrogen Peroxide Minnesota: Hydrogen Peroxide Massachusetts RTK:
Hydrogen Peroxide New Jersey: Hydrogen Peroxide TSCA 8(b) inventory: Hydrogen Peroxide SARA 302/304/311/312
extremely hazardous substances: Hydrogen Peroxide CERCLA: Hazardous substances.: Hydrogen Peroxide: 1 lbs. (0.4536
kg);
Other Regulations: OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200).
Other Classifications:
WHMIS (Canada):
CLASS C: Oxidizing material. CLASS E: Corrosive liquid. CLASS F: Dangerously reactive material.
DSCL (EEC):
HMIS (U.S.A.):
Health Hazard: 3
Fire Hazard: 0
Reactivity: 1
Personal Protection:
National Fire Protection Association (U.S.A.):
Health: 2
Flammability: 0
Reactivity: 1
Specific hazard:
Protective Equipment:
Gloves. Full suit. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Wear appropriate respirator
when ventilation is inadequate. Face shield.
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BOD5 and COD: Not available.
Products of Biodegradation: Possibly hazardous short/long term degradation products are to be expected.
Toxicity of the Products of Biodegradation: The products of degradation are less toxic than the product itself.
Special Remarks on the Products of Biodegradation: Not available.
Section 13: Disposal Considerations
Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.
Section 14: Transport Information
DOT Classification: CLASS 5.1: Oxidizing material.
Identification: : Hydrogen peroxide, aqueous solution UNNA: 2014 PG: II
Special Provisions for Transport: Not available.
Section 15: Other Regulatory Information
Federal and State Regulations:
New York acutely hazardous substances: Hydrogen Peroxide Rhode Island RTK hazardous substances: Hydrogen Peroxide
Pennsylvania RTK: Hydrogen Peroxide Florida: Hydrogen Peroxide Minnesota: Hydrogen Peroxide Massachusetts RTK:
Hydrogen Peroxide New Jersey: Hydrogen Peroxide TSCA 8(b) inventory: Hydrogen Peroxide SARA 302/304/311/312
extremely hazardous substances: Hydrogen Peroxide CERCLA: Hazardous substances.: Hydrogen Peroxide: 1 lbs. (0.4536
kg);
Other Regulations: OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200).
Other Classifications:
WHMIS (Canada):
CLASS C: Oxidizing material. CLASS E: Corrosive liquid. CLASS F: Dangerously reactive material.
DSCL (EEC):
HMIS (U.S.A.):
Health Hazard: 3
Fire Hazard: 0
Reactivity: 1
Personal Protection:
National Fire Protection Association (U.S.A.):
Health: 2
Flammability: 0
Reactivity: 1
Specific hazard:
Protective Equipment:
Gloves. Full suit. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Wear appropriate respirator
when ventilation is inadequate. Face shield.
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Section 16: Other Information
References: Not available.
Other Special Considerations: Not available.
Created: 10/09/2005 05:46 PM
Last Updated: 11/01/2010 12:00 PM
The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com
has been advised of the possibility of such damages.
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Material Safety Data Sheet
Phenol MSDS
Section 1: Chemical Product and Company Identification
Product Name: Phenol
Catalog Codes: SLP4453, SLP5251
CAS#: 108-95-2
RTECS: SJ3325000
TSCA: TSCA 8(b) inventory: Phenol
CI#: Not available.
Synonym:   Monohydroxybenzene; Benzenol; Phenyl
hyroxide; Phenylic acid
Chemical Name: Carbolic Acid
Chemical Formula: C6H5OH
Contact Information:
Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396
US Sales: 1-800-901-7247
International Sales: 1-281-441-4400
Order Online: ScienceLab.com
CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300
International CHEMTREC, call: 1-703-527-3887
For non-emergency assistance, call: 1-281-441-4400
Section 2: Composition and Information on Ingredients
Composition:
Name CAS # % by Weight
Phenol 108-95-2 100
Toxicological Data on Ingredients: Phenol: ORAL (LD50): Acute: 317 mg/kg [Rat]. 270 mg/kg [Mouse]. DERMAL (LD50):
Acute: 630 mg/kg [Rabbit]. 669 mg/kg [Rat].
Section 3: Hazards Identification
Potential Acute Health Effects:
Very hazardous in case of skin contact (corrosive, irritant), of eye contact (irritant), of ingestion, of inhalation. Hazardous in
case of skin contact (sensitizer, permeator). The amount of tissue damage depends on length of contact. Eye contact can
result in corneal damage or blindness. Skin contact can produce inflammation and blistering. Inhalation of dust will produce
irritation to gastro-intestinal or respiratory tract, characterized by burning, sneezing and coughing. Severe over-exposure can
produce lung damage, choking, unconsciousness or death. Inflammation of the eye is characterized by redness, watering, and
itching. Skin inflammation is characterized by itching, scaling, reddening, or, occasionally, blistering.
Potential Chronic Health Effects:
CARCINOGENIC EFFECTS: A4 (Not classifiable for human or animal.) by ACGIH, 3 (Not classifiable for human.) by IARC.
MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. Mutagenic for bacteria and/or yeast. TERATOGENIC
EFFECTS: Not available. DEVELOPMENTAL TOXICITY: Not available. The substance may be toxic to kidneys, liver, central
nervous system (CNS). Repeated or prolonged exposure to the substance can produce target organs damage. Repeated
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exposure of the eyes to a low level of dust can produce eye irritation. Repeated skin exposure can produce local skin
destruction, or dermatitis. Repeated inhalation of dust can produce varying degree of respiratory irritation or lung damage.
Repeated exposure to a highly toxic material may produce general deterioration of health by an accumulation in one or many
human organs.
Section 4: First Aid Measures
Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Cold water may be used. Get medical attention immediately.
Skin Contact:
In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing
and shoes. Cover the irritated skin with an emollient. Cold water may be used.Wash clothing before reuse. Thoroughly clean
shoes before reuse. Get medical attention immediately.
Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek immediate medical
attention.
Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical
attention immediately.
Serious Inhalation:
Evacuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If
breathing is difficult, administer oxygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. WARNING: It may
be hazardous to the person providing aid to give mouth-to-mouth resuscitation when the inhaled material is toxic, infectious or
corrosive. Seek immediate medical attention.
Ingestion:
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. If large quantities of this material are swallowed, call a physician immediately. Loosen tight clothing such as a collar,
tie, belt or waistband.
Serious Ingestion: Not available.
Section 5: Fire and Explosion Data
Flammability of the Product: May be combustible at high temperature.
Auto-Ignition Temperature: 715°C (1319°F)
Flash Points: CLOSED CUP: 79°C (174.2°F). OPEN CUP: 85°C (185°F).
Flammable Limits: LOWER: 1.7% UPPER: 8.6%
Products of Combustion: These products are carbon oxides (CO, CO2).
Fire Hazards in Presence of Various Substances:
Flammable in presence of open flames and sparks, of heat. Non-flammable in presence of shocks.
Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available.
Fire Fighting Media and Instructions:
SMALL FIRE: Use DRY chemical powder. LARGE FIRE: Use water spray, fog or foam. Do not use water jet.
Special Remarks on Fire Hazards:
Phenol + nitrides results in heat and flammable gas generation. Phenol + mineral oxdizing acids results in fire. Phenol +
calcium hypochlorite is an exothermic reaction producing toxic fumes which may ignite.
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exposure of the eyes to a low level of dust can produce eye irritation. Repeated skin exposure can produce local skin
destruction, or dermatitis. Repeated inhalation of dust can produce varying degree of respiratory irritation or lung damage.
Repeated exposure to a highly toxic material may produce general deterioration of health by an accumulation in one or many
human organs.
Section 4: First Aid Measures
Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Cold water may be used. Get medical attention immediately.
Skin Contact:
In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing
and shoes. Cover the irritated skin with an emollient. Cold water may be used.Wash clothing before reuse. Thoroughly clean
shoes before reuse. Get medical attention immediately.
Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek immediate medical
attention.
Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical
attention immediately.
Serious Inhalation:
Evacuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If
breathing is difficult, administer oxygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. WARNING: It may
be hazardous to the person providing aid to give mouth-to-mouth resuscitation when the inhaled material is toxic, infectious or
corrosive. Seek immediate medical attention.
Ingestion:
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. If large quantities of this material are swallowed, call a physician immediately. Loosen tight clothing such as a collar,
tie, belt or waistband.
Serious Ingestion: Not available.
Section 5: Fire and Explosion Data
Flammability of the Product: May be combustible at high temperature.
Auto-Ignition Temperature: 715°C (1319°F)
Flash Points: CLOSED CUP: 79°C (174.2°F). OPEN CUP: 85°C (185°F).
Flammable Limits: LOWER: 1.7% UPPER: 8.6%
Products of Combustion: These products are carbon oxides (CO, CO2).
Fire Hazards in Presence of Various Substances:
Flammable in presence of open flames and sparks, of heat. Non-flammable in presence of shocks.
Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available.
Fire Fighting Media and Instructions:
SMALL FIRE: Use DRY chemical powder. LARGE FIRE: Use water spray, fog or foam. Do not use water jet.
Special Remarks on Fire Hazards:
Phenol + nitrides results in heat and flammable gas generation. Phenol + mineral oxdizing acids results in fire. Phenol +
calcium hypochlorite is an exothermic reaction producing toxic fumes which may ignite.
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Special Remarks on Explosion Hazards:
Phenol + sodium nitrite causes explosion on heating. Peroxydisulfuric acid + phenol causes explosion.
Section 6: Accidental Release Measures
Small Spill: Use appropriate tools to put the spilled solid in a convenient waste disposal container.
Large Spill:
Corrosive solid. Stop leak if without risk. Do not get water inside container. Do not touch spilled material. Use water spray to
reduce vapors. Prevent entry into sewers, basements or confined areas; dike if needed. Eliminate all ignition sources. Call
for assistance on disposal. Be careful that the product is not present at a concentration level above TLV. Check TLV on the
MSDS and with local authorities.
Section 7: Handling and Storage
Precautions:
Keep locked up.. Keep container dry. Keep away from heat. Keep away from sources of ignition. Empty containers pose a
fire risk, evaporate the residue under a fume hood. Ground all equipment containing material. Do not ingest. Do not breathe
dust. Never add water to this product. In case of insufficient ventilation, wear suitable respiratory equipment. If ingested,
seek medical advice immediately and show the container or the label. Avoid contact with skin and eyes. Keep away from
incompatibles such as oxidizing agents, acids.
Storage:
Air Sensitive. Sensitive to light. Store in light-resistant containers. Moisture sensitive. Keep container tightly closed. Keep
container in a cool, well-ventilated area.
Section 8: Exposure Controls/Personal Protection
Engineering Controls:
Use process enclosures, local exhaust ventilation, or other engineering controls to keep airborne levels below recommended
exposure limits. If user operations generate dust, fume or mist, use ventilation to keep exposure to airborne contaminants
below the exposure limit.
Personal Protection:
Splash goggles. Synthetic apron. Vapor and dust respirator. Be sure to use an approved/certified respirator or equivalent.
Gloves.
Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Vapor and dust respirator. Boots. Gloves. A self contained breathing apparatus should be used to
avoid inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling
this product.
Exposure Limits:
TWA: 5 (ppm) from ACGIH (TLV) [United States] SKIN TWA: 19 (mg/m3) from ACGIH (TLV) [United States] SKIN TWA: 5
from NIOSH [United States] TWA: 19 (mg/m3) from NIOSH [United States] TWA: 5 (ppm) from OSHA (PEL) [United States]
TWA: 19 (mg/m3) from OSHA (PEL) [United States] TWA: 5 (ppm) [Canada] TWA: 19 (mg/m3) [Canada]Consult local
authorities for acceptable exposure limits.
Section 9: Physical and Chemical Properties
Physical state and appearance: Solid.
Odor:
Distinct, aromatic, somewhat sickening sweet and acrid
Taste: Burning.
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Molecular Weight: 94.11 g/mole
Color: Colorless to light pink
pH (1% soln/water): Not available.
Boiling Point: 182°C (359.6°F)
Melting Point: 42°C (107.6°F)
Critical Temperature: 694.2 (1281.6°F)
Specific Gravity: 1.057 (Water = 1)
Vapor Pressure: Not applicable.
Vapor Density: 3.24 (Air = 1)
Volatility: Not available.
Odor Threshold: 0.048 ppm
Water/Oil Dist. Coeff.: The product is more soluble in oil; log(oil/water) = 1.5
Ionicity (in Water): Not available.
Dispersion Properties: See solubility in water, methanol, diethyl ether, acetone.
Solubility:
Easily soluble in methanol, diethyl ether. Soluble in cold water, acetone. Solubility in water: 1g/15 ml water. Soluble in
benzene. Very soluble in alcohol, chloroform, glycerol, petroleum, carbon disulfide, volatile and fixed oils, aqueous alkali
hydroxides, carbon tetrachloride, acetic acid, liquid sulfur dioxide. Almost insoluble in petroleum ether. Miscible in acetone.
Sparingly soluble in mineral oil.
Section 10: Stability and Reactivity Data
Stability: The product is stable.
Instability Temperature: Not available.
Conditions of Instability: Heat, ignition sources (flames, sparks), light, incompatible materials
Incompatibility with various substances: Reactive with oxidizing agents, metals, acids, alkalis.
Corrosivity:
Extremely corrosive in presence of copper. Slightly corrosive in presence of stainless steel(304), of stainless steel(316). Non-
corrosive in presence of glass, of aluminum.
Special Remarks on Reactivity:
Air and light sensitive. Prone to redden on exposure to light and air. Incompatible with aluminum chloride, peroxydisulfuirc
acid, acetaldehyde, sodium nitrite, boron trifluoride diethyl ether + 1,3-butadiene, isocyanates, nitrides, mineral oxidizing acids,
calcium hypochlorite, halogens, formaldehyde, metals and alloys, lead, zinc, magnesium and their alloys, plastics, rubber,
coatings, sodium nitrate + trifluoroacetic acid. Phenol + isocyanates results in heat generation, and violent polymerization.
Phenol + 1,3-butadiene and boron trifluoride diethyl ether complex results in intense exothermic reaction. Phenol +
acetaldehyde resultes in violent condensation.
Special Remarks on Corrosivity:
Minor corrosive effect on bronze. Severe corrosive effect on brass.
Polymerization: Will not occur.
Section 11: Toxicological Information
Routes of Entry: Absorbed through skin. Dermal contact. Eye contact. Inhalation. Ingestion.
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Toxicity to Animals:
Acute oral toxicity (LD50): 270 mg/kg [Mouse]. Acute dermal toxicity (LD50): 630 mg/kg [Rabbit].
Chronic Effects on Humans:
CARCINOGENIC EFFECTS: A4 (Not classifiable for human or animal.) by ACGIH, 3 (Not classifiable for human.) by IARC.
MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. Mutagenic for bacteria and/or yeast. May cause damage to
the following organs: kidneys, liver, central nervous system (CNS).
Other Toxic Effects on Humans:
Very hazardous in case of skin contact (corrosive, irritant), of ingestion, . Hazardous in case of skin contact (sensitizer,
permeator), of eye contact (corrosive), of inhalation (lung corrosive).
Special Remarks on Toxicity to Animals:
Lowest Published Lethal Dose: LDL [Human] - Route: Oral; Dose: 140 mg/kg LDL [Infant] - Route: Oral; Dose: 10,000 mg/kg
Special Remarks on Chronic Effects on Humans:
Animal: passes through the placental barrier. May cause adverse reproductive effects and birth defects (teratogenic)
Embryotoxic and/or foetotoxic in animal. May affect genetic material (mutagenic).
Special Remarks on other Toxic Effects on Humans:
Section 12: Ecological Information
Ecotoxicity:
Ecotoxicity in water (LC50): 125 mg/l 24 hours [Fish (Goldfish)]. >50 mg/l 1 hours [Fish (Fathead minnow)]. >50 mg/l 24 hours
[Fish (Fathead minnow)]. >33 mg/l 72 hours [Fish (Fathead minnow)]. >33 ppm 96 hours [Fish (Fathead minnow)].
BOD5 and COD: Not available.
Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.
Toxicity of the Products of Biodegradation: The products of degradation are less toxic than the product itself.
Special Remarks on the Products of Biodegradation: Not available.
Section 13: Disposal Considerations
Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.
Section 14: Transport Information
DOT Classification: CLASS 6.1: Poisonous material.
Identification: : Phenol, solid UNNA: 1671 PG: II
Special Provisions for Transport: Not available.
Section 15: Other Regulatory Information
Federal and State Regulations:
Connecticut hazardous material survey.: Phenol Illinois toxic substances disclosure to employee act: Phenol Illinois chemical
safety act: Phenol New York release reporting list: Phenol Rhode Island RTK hazardous substances: Phenol Pennsylvania
RTK: Phenol Minnesota: Phenol Massachusetts RTK: Phenol Massachusetts spill list: Phenol New Jersey: Phenol New Jersey
spill list: Phenol Louisiana RTK reporting list: Phenol Louisiana spill reporting: Phenol TSCA 8(b) inventory: Phenol TSCA
4(a) proposed test rules: Phenol TSCA 8(a) IUR: Phenol TSCA 8(d) H and S data reporting: Phenol: effective: 6/1/87; sunset:
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Toxicity to Animals:
Acute oral toxicity (LD50): 270 mg/kg [Mouse]. Acute dermal toxicity (LD50): 630 mg/kg [Rabbit].
Chronic Effects on Humans:
CARCINOGENIC EFFECTS: A4 (Not classifiable for human or animal.) by ACGIH, 3 (Not classifiable for human.) by IARC.
MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. Mutagenic for bacteria and/or yeast. May cause damage to
the following organs: kidneys, liver, central nervous system (CNS).
Other Toxic Effects on Humans:
Very hazardous in case of skin contact (corrosive, irritant), of ingestion, . Hazardous in case of skin contact (sensitizer,
permeator), of eye contact (corrosive), of inhalation (lung corrosive).
Special Remarks on Toxicity to Animals:
Lowest Published Lethal Dose: LDL [Human] - Route: Oral; Dose: 140 mg/kg LDL [Infant] - Route: Oral; Dose: 10,000 mg/kg
Special Remarks on Chronic Effects on Humans:
Animal: passes through the placental barrier. May cause adverse reproductive effects and birth defects (teratogenic)
Embryotoxic and/or foetotoxic in animal. May affect genetic material (mutagenic).
Special Remarks on other Toxic Effects on Humans:
Section 12: Ecological Information
Ecotoxicity:
Ecotoxicity in water (LC50): 125 mg/l 24 hours [Fish (Goldfish)]. >50 mg/l 1 hours [Fish (Fathead minnow)]. >50 mg/l 24 hours
[Fish (Fathead minnow)]. >33 mg/l 72 hours [Fish (Fathead minnow)]. >33 ppm 96 hours [Fish (Fathead minnow)].
BOD5 and COD: Not available.
Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.
Toxicity of the Products of Biodegradation: The products of degradation are less toxic than the product itself.
Special Remarks on the Products of Biodegradation: Not available.
Section 13: Disposal Considerations
Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.
Section 14: Transport Information
DOT Classification: CLASS 6.1: Poisonous material.
Identification: : Phenol, solid UNNA: 1671 PG: II
Special Provisions for Transport: Not available.
Section 15: Other Regulatory Information
Federal and State Regulations:
Connecticut hazardous material survey.: Phenol Illinois toxic substances disclosure to employee act: Phenol Illinois chemical
safety act: Phenol New York release reporting list: Phenol Rhode Island RTK hazardous substances: Phenol Pennsylvania
RTK: Phenol Minnesota: Phenol Massachusetts RTK: Phenol Massachusetts spill list: Phenol New Jersey: Phenol New Jersey
spill list: Phenol Louisiana RTK reporting list: Phenol Louisiana spill reporting: Phenol TSCA 8(b) inventory: Phenol TSCA
4(a) proposed test rules: Phenol TSCA 8(a) IUR: Phenol TSCA 8(d) H and S data reporting: Phenol: effective: 6/1/87; sunset:
p. 6
6/01/97 SARA 302/304/311/312 extremely hazardous substances: Phenol SARA 313 toxic chemical notification and release
reporting: Phenol CERCLA: Hazardous substances.: Phenol: 1000 lbs. (453.6 kg)
Other Regulations:
OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200). EINECS: This product is on the
European Inventory of Existing Commercial Chemical Substances.
Other Classifications:
WHMIS (Canada):
CLASS D-1A: Material causing immediate and serious toxic effects (VERY TOXIC). CLASS D-2A: Material causing other toxic
effects (VERY TOXIC). CLASS E: Corrosive solid.
DSCL (EEC):
R24/25- Toxic in contact with skin and if swallowed. R34- Causes burns. R40- Possible risks of irreversible effects. R43-
May cause sensitization by skin contact. R52- Harmful to aquatic organisms. S1/2- Keep locked up and out of the reach of
children. S24- Avoid contact with skin. S26- In case of contact with eyes, rinse immediately with plenty of water and seek
medical advice. S28- After contact with skin, wash immediately with plenty of water S37/39- Wear suitable gloves and eye/face
protection. S45- In case of accident or if you feel unwell, seek medical advice immediately (show the label where possible).
S46- If swallowed, seek medical advice immediately and show this container or label. S56- Dispose of this material and its
container at hazardous or special waste collection point.
HMIS (U.S.A.):
Health Hazard: 3
Fire Hazard: 2
Reactivity: 0
Personal Protection: j
National Fire Protection Association (U.S.A.):
Health: 4
Flammability: 2
Reactivity: 0
Specific hazard:
Protective Equipment:
Gloves. Synthetic apron. Vapor and dust respirator. Be sure to use an approved/certified respirator or equivalent. Wear
appropriate respirator when ventilation is inadequate. Splash goggles.
Section 16: Other Information
References: Not available.
Other Special Considerations: Not available.
Created: 10/10/2005 11:17 AM
Last Updated: 11/01/2010 12:00 PM
The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com
has been advised of the possibility of such damages.
